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I. VOLCANIC DUST AND OTHER FACTORS IN THE 
PRODUCTION OP CLIMATIC CHANGES, AND THEIR 
POSSIBLE RELATION TO ICE AGES.* 

By W. J. Humphreys. 

Pated Tune 6, 1913.] 
INTBODITCTION. 

Old lake beaches, glacial moraines, and various other geological 
records give indisputable evidence of numerous climatic changes. It 
appears too that these changes were irregular in their times of- occur- 
rence and irregular also in their intensity and duration. Many seem 
to have been mild and relatively fleeting, while a few were so profound 
and lasting as even to bring on ice ages and to cover extensive areas 
of the earth with glacial sheets, or, on the other hand, to melt these 
sheets away and to establish for long periods warm and genial 
climates over much the greater portion of the earth. 

When this series of clunatic changes began there is no sure means 
of knowing, for the records, especially those of glacial origin, grow 
gradually fainter and more scanty with increase of geological age, 
and it is probable therefore that the effects of many of the earlier 
changes have long since been completely obliterated. But, however 
this may be, it is well nigh certain that from the time of the earliest 
known of these changes down to the very present the series has been 
irregularly continuous, and the end, one might reasonably assume, 
is not yet. Change after change of climate in an almost endless 
succession, and even additional ice ages, presumably are still to be 
experienced, though, except small and fleeting changes to be noted 
below, when they shall begin, how intense they may be or how long 
they shall last no one can form the slightest idea. 



1 Developed ftom a pajper presented before the Astronomical and Astiophysioal Society of America, at 
id, Ohio, Jan. 1, 
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Numerous attempts, some of them invoking purely terrestrial and 
others extraterrestrial or cosmical conditions, have been made to 
find a probable and at the same time an adequate physical basis for 
or cause of the known climatic changes of the distant past, and espe- 
cially for those profound climatic changes that brought about the 
extensive glaciation that prevailed during the so-called ice ages; but 
nearly all the older suggestions have been definitely and finally 
abandoned, either because of inconsistency with known physical laws 
or abandoned because they are inadequate to meet the conditions 
imposed upon them by the results of geological investigations. 

FACTS OF OLOCATIC CHANGES. 

Among the more important geological conditions, with respect to 
climatic change, that appear to have been established and presum- 
ably, therefore, must be met by any theory that would account for 
such changes or explain specifically the origin of ice ages are the 
following: 

(a) The climatic changes were several, probably many. 

(5) They were simultaneous over the entire earth, and in the same 
sense; that is, colder everywhere at the same time (climatically 
speaking) or warmer everywhere. 

(c) They were of unequal intensity. 

(cZ) They probably were of irregular occurrence and of unequal 
duration. 

(e) They, at least one or more, progressed with secondary varia- 
tions of intensity or with advances and retreats of the glacial edge. 

(/) They have occurred from very early, probably from the earliest, 
geological ages down to the present, and presumably will continue 
irregularly to recur for many ages yet to come. 

PBINOIPAL ICE-AGE THEOBIES. 

It would be easy to catalogue perhaps a score of more or less rational 
hypotheses in regard to the origin of the ice ages, and doubtless even 
a larger number that are quite too absurd ever to have received 
serious consideration, and to point out in each case the known and 
the suspected elements of weakness. But this would only be a 
repetition of what, in part at least, has often been done before and 
therefore could serve no good purpose. 

As already stated, only a few of these hypotheses still survive, nor 
do all of even these few really merit the following they have. Appar- 
ently those which still claim each a large number of adherents are, 
respectively: 

(a) CroWa eccentricity theory,^ — This is based on the assumption 
that when the earth's orbit is most eccentric or when the earth's 

1 Phil. Mag. 28, p. 121, 1864, and elsewhere. 
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maxiinum solar distance differs most from its mininiiim solar dis- 
tance; ice will accumulate to a greater extent over that half of the 
globe which has its winter during aphelion. 

For some time CrolVs theory was very generally accepted, and it 
seems still to have many adherents despite the destructive criticisms 
of Newcomb ^ and CulverweU.^ 

The chief objections to CrolVs theory are: 

1. That the assumption that midwinter and midsummer tempera- 
tures are directly proportional to the sun's heat at these times is 
not at all in accord with observed facts. 

2. That each ice age would be limited to a fraction of the pre- 
cessional period, 21,000 years, which, according to most geologists, 
is too short a time. In fact it is already longer than this w^hole 
period, according to the best evidence, since the culmination of the 
last ice age. 

3. That the successive ice ages would have occurred alternately 
in the Northern and the Southern hemispheres instead of, as is gen- 
erally beUeved to have been the case, in both hemispheres simul- 
taneously, 

(jb) The carbon dioxide theory, — This theory, advanced by Tyndall,' 
Arrhenius,* Chamberlain,* and others, is based on the selective 
absorption of carbon dioxide for radiation of different wave lengths 
and on its assumed variation in amount. 

It is true that carbon dioxide is more absorptive of terrestrial 
than of solar radiations and that it therefore produces a greenhouse 
or blanketing effect, and it is also probably true that its amount in 
the atmosphere has varied through appreciable ranges as a result 
of volcanic additions on the one hand and of oceanic absorption and 
chemical combination on the other. But it is not possible to say 
exactly how great an effect a given change in the amount of carbon 
dioxide in the atmosphere would have on the temperature of the 
earth. However, by bringing a number of known facts to bear 
on the subject it seems possible to reach approximate conclusions. 
Thus from the experiments of Schlaefer* we know that at atmospheric 
pressure a column of carbon dioxide 50 centimeters long is ample 
for maximum absorption, since one of this length absorbs quite as 
completely as does a column 200 centimeters long at the same den- 
sity. Also from the experiments of Angstrom ^ and from those of 
E. V. Bahr* we know that the absorption of radiation by carbon 
dioxide or other gas increases with increase of pressure and, what 

1 Amer. Jr. Sci. U, p. 263, 1876; Phfl. Mag. 17, p. 142, 1884. 
> Phil. Mag. 38, p. 541, 1894. 
a Phfl. Mag. 41, p. 237, 1896. 
« Phil. Mag. 22, p. 277, 1861. 
A Jr. Oeol. 7, p. 752, 1889. 

• Ann. der Phys., v. 16, p. 98, 1905. 

7 Arldv f5r Matematik, Astronoml och Fysik, v. 4, No. 30, 1908. 

• Ann. dor Phys., v. 29, p. 780, 1909. 
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is of great importance, that both qualitatively and quantitatively 
this increase of absorption is exactly the same whether the given 
higher pressure be obtained by compression or by the addition of 
an inert gas. 

Now the amount of carbon dioxide in the atmosphere is equiva- 
lent to a column of the pure gas at ordinary room temperature and 
atmospheric pressure of roughly 250 centimeters in length. Hence, 
according to the experiments just described of Angstrom and E. v. 
Bahr, the carbon dioxide now in the atmosphere must absorb radia- 
tion very approximately as would a column 475 centimeters long of 
the pure gas at its average barometric pressure of, say, 400 mm. 
But Schlaefer's experiments above referred to show that such a 
column would be just as effective as one two or three times this 
length, and, on the other hand, no more effective than a column 
one-half or one-fourth as long. 

Hence, finally, doubling or halving the amount of carbon dioxide 
now in the atmosphere, since this would make but little difference 
in the total pressure, would not appreciably affect the amount of 
radiation actually absorbed by it, whether of terrestrial or of solar 
origin. 

Again, as already explained by Abbot and Fowle,* the water 
vapor always present in the atmosphere leaves, because of its high 
coeflBicients of absorption in substantially the same regions where 
carbon dioxide is effective, but little radiation for the latter to take 
up. Hence for this reason, too, as well as for the one given above, 
either doubling or halving the present amount of carbon dioxide could 
alter but little the total amount of radiation actually absorbed by 
the atmosphere, and therefore, seemmgly, could not appreciably 
change the average temperature of the earth or be at all effective 
in the production of marked climatic changes. 

Nevertheless, in spite of both the above objections, there appears 
to be at least one way by which a change, especially if a decrease, 
in the amount of carbon dioxide in the atmosphere might affect 
temperatures at the surface of the earth, so that we are not yet 
in position to say that no such change was ever an appreciable 
factor in the production of an ice age. 

Further discussion of this particular point will be taken up later, 
after the introduction of certain obsei'vational evidence that seems 
to bear on the subject. 

We will now return to the existing ice-age theories and consider 
briefly just two more before coming to the main body of the paper. 

(c) The solar variation theory, — This is based on the assumption 
that the solar radiation has waxed and waned, either cycUcally or 
irregularly, through considerable ranges and over long intervals of 
time. 

1 Annals of the Astrophyslcal Observatory, Smithsonian Institution, v. 2, p. 172, 1908. 
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This theory is seductively attractive ; it looks so simple, so sufficient, 
and so safe from attack. But if impossible to disprove, it is equally 
difficult to establish, and therefore it should conditionally be put 
aside, held in reserve as it were as a last resort, in favor of a more com- 
plete search for and examination of other possible causes, for after all 
the supposed solar changes, for which we can assign no probable 
cause or causes, may never have happened. 

(d) TTie elevation theory, — This theory assumes the simultaneous 
(geologically speaking) rise or fall of many, possibly all, land areas 
through a range that may have amounted to several thousand feet. 
It is argued that such movements would account for not only the 
phenomena of the ice ages, but also for, among other things, the many 
suboceanic canyons, such as that of the Hudson, the St. Lawrence, 
the Kongo, and others. 

This theory is mentioned here, not because of the number of sup- 
porters it has at present, for obviously this number is not large, but 
because any such changes in elevation that it supposes, whether local 
or general, if they ever took place, and apparently great changes in 
elevation have occurred, must have affected the climates of the regions 
that so moved, and therefore must have been a factor — no one knows 
how great — ^in the production of at least regional, if not world-wide, 
climatic changes of the past. 

These three theories then, omitting (d) which but few support, of 
the origin of the ice ages, namely: The eccentricity theory, the carbon 
dioxide theory, and the solar variation theory, are the only ones that, 
at present appear to have many adherents, and even these few seem 
more likely to lose than to gain in number and strength of defenders. 
The first has failed utterly under searching criticism; the second has 
been sadly impaired; while the third, provokingly secure from all 
tests, is strong only as, and to the extent that, other theories are dis- 
proved or shown to be improbable. 

The above introduction brings us to the essential purpose of this 
paper, to the discussion of a factor in the production of climatic 
changes, including, possibly, even those great changes incident to the 
advance and retreat to maximum and minimum of glaciation. It may 
not have been the chief cause of our greatest climatic changes or 
even a large contributing factor, but nevertheless a factor, possibly 
of large size, and therefore worthy of consideration. 

The factor in question is — 

VOLCANIC DTJST IN THE TJPFEB ATMOSFHEBE. 

After the outline of the following discussion had taken shape it was 
found, on looking up the appropriate literature, that the cousins 
P. and F. Sarasin * had suggested a number of years ago that the low 

1 Verhandlungen der Naturforschenden GeseUschalt in Basel, vol. 13, p. 603, 1901. 
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temperature essential to the glaciation of ice ages was caused by the 
absorption of solar radiation by high volcanic dust clouds. 

But the idea that dust of this nature when scattered through the 
atmosphere may lower the temperature of the surface of the earth was 
already old, having been advanced at a much earlier date, in fact long 
before even the existence of ice ages had been suspected, much less 
attempts made to find their cause. Thus, in May, 1784, Benjamin 
Franklin (and he may not have been the first) wrote as follows: 

During Boveral of the summer months of the year 1783, when the effects of the sun's 
rays to heat the earth in these northern regions should have been the greatest, there 
existed a constant fog over all Europe and great part of North America. This fog was 
of a permanent nature; it was dry, and the rays of the sun seemed to have little effect 
toward dissipating it, as they easily do a moist fog arising from water. They were, 
indeed, rendered so faint in passing through it that, when collected in the focus of a 
burning glass, they would scarcely kindle brown paper. Of course, their summer 
effect in heating the earth was exceedingly diminished. 

Hence the surface was early frozen. 

Hence the first snows remained on it unmelted, and received continual additions. 

Hence perhaps the winter of 1783-84 was more severe than any that happened for 
many years. 

The cause of this universal fog is not yet ascertained. Whether it was adventitious 
to this earth, and merely a smoke proceeding from the consumption by fire of some of 
those great burning balls or globes which we happen to meet with in our course round 
the sun, and which are sometimes seen to kindle and be destroyed in passing our 
atmosphere, and whose smoke might be attracted and retained by our earth; or whether 
it was the vast quantity of smoke, long continuing to issue during the summer from 
Hecla, in Iceland, and that other volcano which arose out of the sea near that island, 
which smoke might be spread by various winds over the northern part of the world 
is yet uncertain. 

It seems, however, worth the inquiry, whether other hard winters, recorded in 
history, were preceded by similar permanent and widely extended summer fogs. 
Because, if found to be so, men might from such fogs conjecture the probability of a 
succeeding hard winter, and of the damage to be expected by the breaking up of 
frozen rivers in the spring; and take such measures as are possible and practicable 
to secure themselves and effects from the mischiefis that attend the last.^ 

The idea, then, that volcanic dust may be an important factor in 
the production of climatic changes is not new, though just how it can 
be so apparently has not been explained, nor has the idea been spe- 
cifically supported by direct observations. This is not to be taken 
as a criticism of the above-mentioned pioneer paper by the cousins 
Sarasin, for indeed the arguments, now easy, were at that time 
impossible because the observations upon which they largely are 
based had not then been made. Indeed the absorption of radiation 
by volcanic dust, by which they supposed the earth's temperature to 
be lowered, can now be shown to be of itself alone not only insuffi- 
cient, but even productive, in all probability, of the opposite effect — 
of a warming instead of a cooling of the earth's surface. 

1 See Sparks, "Life of Benjamin Franklin," vol. 6, 455-^7. (Cited by Abbe In Proceedings of the Amer. 
PhU. Soc, vol. 45, p. 127, 1906.) 
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To make this point clear: Consider a thin shell of dust about the 
earth and let I be the average intensity of the normal component of 
solar radiation on it. Further, let a be the ^'dust coefficient'' of 
absorption for solar radiation, independent, presumably, of intensity, 
and 6 ^' the dust coefficient" of absorption for earth radiation. Obvi- 
ously, in the case of equilibrium, all the energy absorbed by the dust 
is radiated away, half of it, very approximately, to the earth and 
half of it to space. Hence, starting with I as the solar radiation nor- 
mally incident, per unit area and unit time, upon the dust layer, we 
have, if there is no reflection and no scattering, 

a7= rate of absorption of solar radiation, 
7(1 — a) = intensity of solar radiation reaching earth, or lower 

atmosphere, 

T 

2 = intensity of dust radiation, resulting from above 

absorption, reaching earth. 
Summing these two radiations incident upon the earth we have 

/(l-a)+^=7(l-|). 

Eventually, when equilibrium is established, the earth must lose 
the same amount of radiation that it gains, though of course chiefly 
through a different spectral region, and therefore, after a time, assum- 
ing the earth to absorb all incident radiation. 

7(1 — 5) = the intensity of the outgoing as well as that of the 

incoming radiation. 

Of this the dust absorbs, per unit area and unit time, 67(1 — x), of 

which, in turn, one-half is radiated to space and one-half back to the 
earth, there to be reabsorbed and again radiated. The intensity of 
the normal radiation now reaching the earth is 

7(1 -|) +^7(1 -|), 

of which the second term becomes, after a time, the increase in the 
intensity of the outgoing radiation. Hence, after further absorption 
and reradiation by the dust layer, the next increment of radiation to 

the earth is (0)^^(1 — o); 8^d so on indefinitely. 

In the end, then, when the ultimate equilibrium is reached, the 
intensity of the total normal radiation reaching the earth, 7^, is given 
by the equation, 



in which 



or/,-jjl + «4-o)} U). 

•4 + <l''+--(|>"l 



H 



8 BULLETIN OF THE MOUNT WEATHEB OBSEBVATOBY. 



/l+3fc(6-a) 



Now 6 is positive, and therefore Jc is also positive. Hence 

=/, according as 6=a. 

That is to say, the total amount of radiation reaching the earth is 
increased, unchanged, or decreased by the surrounding dust layer 
according as the dust's coefficient of absorption of terrestrial radia- 
tion is greater than, equal to, or less than its coefficient of absorption 
of solar radiation. 

Now in the case of many, if not all, rocky materials, such as make 
up the particles of volcanic dust, the coefficient of absorption is much 
greater for terrestrial radiation than for solar radiation,^ or, in terms 
of the above symbols, in the case of volcanic dust i is greater than a. 
Hence, so far as mere absorption of radiation is concerned, the only 
action mentioned by the cousins Sarasin, a veil of volcanic dust in 
all probability would slightly increase and not decrease, as they sup- 
posed, the average temperature of the earth. 

But then absorption is not the only eflFect of a dust veil on radiation ; 
reflection and scattering both are important and must be fully con- 
sidered. 

These actions, however, reflection and scattering, depend funda- 
mentally upon the ratio of the linear dimensions of the particles con- 
cerned to the wave length of the incident radiation, and therefore 
before undertaking to discuss them in this connection it will be 
essential to determine the approximate size of the individual grains 
of floating volcanic dust, and also the average wave length, weighted 
according to energy, of solar and of terrestrial radiation. It will be 
desirable also to consider whether or not, and if so how, dust of any 
kind can remain long suspended in the atmosphere. And this point 
will be examined first, since, obviously, the longer the dust can float 
the more important, climatically, it may have been in the past and 
in the future may again become. 

Atmospheric regions. — ^The atmosphere is divisible into the strato- 
sphere and the troposphere; or the isothermal region and the 
convective region; or, in other words, the region, in middle latitudes, 
at and beyond about 11 kilometers above sea level where, being 
free from vertical convection, ordinary clouds never form and the 
turbulent, stormy region below this level frequently swept by 
clouds and washed by snow and rain. The physical reason for 
or cause of the existence of the isothermal region is well known ' 
and is such that we feel quite sure that ever since the earth was 
warmed by solar radiation, as at present, rather than by internal 
heat, the temperature of its atmosphere beyond a certain level, 
whatever its composition, must have varied but little, as it now varies 

1 CoblenU, Pablications of Carnegie Institution of Washington, Nos. 65 and 97. 

s Humphreys, Astrophjs. Jr. 29, p. 14, 1909. Gold. Proc. Roy. Soc. Series A. 82, p. 43, 1909. 
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but little, with change of altitude, and therefore that this region 
must then have been free as it now is free from clouds and conden- 
sation. Obviously, then, in the past, as in the present, and as it 
must continue to be so long as the earth shall haVe an atmosphere, 
any volcanic or other dust, that by whatever process was gotten into 
and distributed through the isothermal region where there were no 
clouds or other condensation to wash it out, must have drifted about 
till gravity, overcoming the viscosity of the atmosphere, by slow 
degrees pulled it down to the region of clouds and storms. How long 
such a process must take depends of course upon a number of things, 
among which the size of the particles is vitally important. And this 
brings us to the next consideration. 

Size of volcanic dust particles, — ^For two or three years after the 
eruption of Krakatoa in 1883, also after the eruption of Mount 
Pel6e and Santa Maria *m 1902, and again after the eruption of Katmai 
in 1912 a sort of reddish brown corona was often, under favorable 
conditions, observed around the sun. It was 10° to 12® wide and 
had an angular radius, to the outer edge, of 22° to 23°. This phe- 
nomenon, known as Bishop's ring, clearly was a result of diffraction 
of sunlight by the particles of volcanic dust in the upper atmosphere, 
and therefore furnished a satisfactory means for determining the 
appropriate size of the particles themselves. This subject has been 
rather fully discussed by Pemter,^ who finds the diameter of the 
particles, assuming them spherical, to be approximately 185X10"* 
cm., or 1.85 microns. The equation used has the form 

m X 
r= 



n Sin» 

in which r is the radius of the dust particle, A the wave length of the 
diffracted light (here taken as 571X10"^ cm., or 0.571 micron), 
the angular radius of the ring and m a numerical term which for 
the outer edge of the ring and successive minima has the approxi- 

mate values, ^ (n-f 0.22), in which 7i= 1,2,3, respectively. 

Now since the width and angular dimensions of Bishop's ring, as 
seen at different times and under different circumstances, have varied 
but little, the above value, 1.85 microns, may provisionally be 
assumed to be the average diameter of those particles of volcanic 
dust that remain long suspended in the atmosphere. 

Time of fall. — The steady or terminal velocity of a sphere falling in 
a fluid, assuming no slip between fluid and sphere, is given by Stokes' ' 
equation 

r" 

1 Met. Zeit. 6, p. 401, 1889. 

s Math, and Phys. Papers, Vol. 3, p. 59. 
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in which V is the velocity of the fall, g the acceleration of gravity, 
r the radius of the sphere, a the density of the sphere, p the density 
of the fluid, and /£ its viscosity. 

However, there always is slip, so that the actual velocity of fall is, 
according to Cunningham,^ 

in which I is the free path of the gas molecules, A a constant, and the 
other symbols as above explained. 

Obviously Z, other things being equal, is inversely proportional to 
the gas density, or pressure, if temperature is constant. Hence 

V.„H<Y-'(l + |) (!) 

in which -B is a constant for any given temperature, p the gas pres- 
sure, or, if preferred, barometric height. 

Now, a series of valuable experiments by McKeehan ' has shown 
that for 21° C. and when p is the pressure in terms of millimeters of 

mercury, 

5 = 0.0075 ±3. 

The value of /£, for dry air, is also closely known from the careful 
work of Breiterbach,^ Schultze,* Fischer,*^ and others, all of whom 
obtained nearly the same values. At the absolute temperature T, 
as computed by Millikan • from results obtained by these observers, 

150.387* ^_, 

Therefore it is easy to compute, by the aid of equation (1), the 
velocity of fall of volcanic dust, assuming gravity to be the only 
driving force. There is, of course, radiation pressure, both toward 
and from the earth, as well as slight convective and other disturbances, 
but presumably gravitation exerts the controlling influence, and 
hence it alone will be considered. 

The following table of approximate velocities and times of fall for 
volcanic dust was computed by substituting in equation (1) the 
given numerical values, namely: 

(7 = 981 ^ 
^ sec. 

r = 0.000092 cm. 

(7=2.3, approximate density of Krakatoa dust. 
^ = 0, being negligible relative to a, 

/i = 1416 X 10"^, appropriate to — 55° C, roughly the tempera- 
ture, in middle latitudes, of the isothermal region. 
5= 0.0056, appropriate to -55° C. 
2> = millimeters barometric pressure. 



» Proc. Roy. Soc. 83 A, p. 357, 1910. 
■ Phys. Rev. 33, p. 153, 1911. 
t Amu der Phys. 5, p. 108, 1901. 



< Ann. der Phys. 5, p. 557, 1901. 

• Phys. Rev. 28, p. 104, 1909. 

• Ann. der Phys. 9, p. 759, 1913. 
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Velocity and time of fall. 



Height in 
kilometers. 


Baromet- 
ric pres- 
sure (milli- 
meters).^ 


Centime- 
ters per 
second. 


Seconds 
per centi- 
meter. 


40 
30 
20 
15 
Ml 



1.84 

8.63 

40.99 

89.66 

168.00 

760.00 


1.0214 
0.2414 
0.0745 
0.0503 
0.0408 
•0.0259 


0.979 
4.143 
13.427 
19. 874 
24.492 
38.603 



1 Humphreys, Jr. Frank. Inst. 165, p. 215, 1913. 
s Isothermal level of middle latitudes. 
•Temperature 21 "C. 

According to this table it appears that spherical grains of sand of 
the size assumed, 1.85 microns in diameter, would require about one 
year to fall from only that elevation already reached by balloons, 
35.08 kilometers, down to the under surface of the isothermal region, 
at the height of 11 kilometers. 

As a matter of fact volcanic dust, at least much of it, consists of 
thin-shelled bubbles or fine fragments of bubbles, and therefore 
must settle much slower than solid spheres, the kind above assumed. 
Indeed, the finest dust from Krakatoa, which reached a great altitude, 
probably not less than 40 nor more than 80 kilometers, was from 2i 
to 3 years in reaching the earth, or, presumably, as above explained, 
the upper cloud levels. 

At any rate volcanic dust is so fine, and the upper atmosphere 
above 11 kilometers so free from moisture and vertical convection, 
that once such dust is thrown into this region (as it obviously was by 
the explosions of Skaptar Jokull and Asamoyama in 1783, Babuyan 
in 1831, Krakatoa in 1883, Santa Maria and Pel6 in 1902, Katmai 
in 1912, and many others), it' must require as a rule, because of its 
slow descent, from 1 to 3 years to get back to the earth. And this 
clearly has always been the case since the earth first assumed sub- 
stantially its present condition, or had a cool crust and a gaseous 
envelope. 

Obviously, then, we have only to determine the present action of 
such dust on incoming solar and outgoing terrestrial radiation in 
order to reach a logical deduction as to what its effect on climate 
must have been if, through extensive volcanic activity, it ever for 
a long or even considerable term of years more or less continuously 
filled the upper atmosphere, as conceivably may have happened. 
And the same conclusion in regard to the possible effect of dust on 
the climates of the past clearly applies with equal force to the climates 
of the future. 

AcUon of dust on solar radiation. — Since solar radiation at the point 
of maximum intensity * has a wave length less than 5X10"® cm., or 

« Abbot and Fowle, Annals Astrophys. Obsy. Smithsonian Inst., vol. 2, p. 104, 1908. 
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half a micron, and since fully three-fourths of the total solar energy 
belongs to spectral regions whose wave lengths are less than 10"^ 
cm., or 1 micron, it follows that the cubes of solar wave lengths 
must, on the whole, be regarded as small in comparison with the 
volume of a volcanic dust particle, the diameter of which, as we 
have seen, is nearly 2 microns. Hence in discussing the action of 
volcanic dust on incoming solar radiation we can, with more or less 
justification, assume the particles to be opaque through reflection 
or otherwise and therefore use Rayleigh's ^ arguments as applied to 
a similar case. 

Let r be the radius of the particle, n be the number of particles 
per cubic centimeter, and a the projected joint area of these particles. 
Then, for random and sparse scattering 

Hence, on dividing a plane parallel to the wave front into Fresnel 
zones, we see that for each centimeter traversed the amplitude of 
the radiation is reduced in the ratio of 1 to 1 — nitr^, and, therefore, 
if ^ is the initial amptitude, and Ax the amplitude after passing 
through X centimeters of the uniformly dusty region, we have, 
assuming nr^ to be only a small fraction of a square centimeter. 

Further, if 7 is the initial and I^ the final intensity, then 

Hence, in the case of volcanic dust, where, as already explained, 
r = 92 X 10-" centimeter, 

and 

Presumably the particles of dust are not absolutely opaque and 
therefore Ig probably is a little larger than the value here given, 
though even so this value is at least a first approximation. 

Action of dust on terrestrial radiation. — Terrestrial radiation, at 
the point of maximum intensity, has a wave length of roughly 
12xl0~* centimeters, and therefore the wave lengths of nearly all 
outgoing radiation are large in comparison with the diameters of 
those volcanic dust particles that remain long suspended in the 
atmosphere. Hence while such particles largely rejlect solar radiation, 
as is obvious from the whiteness of the sky when filled by them, they 
can only scaMer radiation from the earth according to the laws first 

I PhJL Mag. 47, p. 376, 1890. 
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formulated by Kayleigh/ whose papers must be consulted by those 
who would fully understand the equations which here will be assumed 
and not derived. 

Let E be the intensity of terrestrial radiation as it enters the dusty 
shell, or as it enters the isothermal region, and Ey its intensity after 
it has penetrated this region, supposed uniformly dusty, a distance 
y centimeters, then, remembering that the dust particles are supposed 
to be spherical, we have 

Ey = Ee-^y 

where h = ^'^^'^ tx' + 2Ky ' X^ ' 

in which n is the number of particles per cubic centimeter, K the 
dielectric constant of the medium, K' the dielectric constant of the 
material of the particles, T the volume of a single particle and A the 
wave length of the radiation concerned. 

But K=ly and, since the dust seems generally to be a kind of a 
glass, it may not be far wrong to assume that K' = 7. Hence, with 
these values, 

7i = ll7ii^n-.^-y nearly. 

Relative action of dust on solar and terrestrial radiation — To deter- 
mine whether such a dust layer as the one under discussion will 
increase or decrease earth temperatures, it is necessary to compare 
its action on short wave-length solar radiation with its action on 
long wave-length terrestrial radiation from the earth. 
. In the case of solar radiation, as explained. 



>-ii 



/j. = 7e-2n«i(92)«10- 

Clearly, then, the intensity of the solar radiation is reduced in the 
ratio of 1 to e, or 

7a;:/=l:c 

10" . 188 

when X = ^ ,^^y centimeters = — kilometers, approximately. 

On the other hand, in the case of terrestrial radiation, where 

Ey^Ee-^^"^^' 

the intensity is reduced in the ratio of 1 :e, or 

Ey\E=^\;e 
when 

;[* 
y = -.. o -jr2 centimeters, 

M.C. 
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iix wbich 

r=^;r(92)»10-« 

and 

A = 12 X 10~^, the region of maximum intensity. 
Hence 

y = kilometers, approximately. 

Therefore, finally, 

y:x = 30:l roughly, 

or the shell of volcanic dust, the particles all being the size given, is 
some thirtyfold more eflfective in shutting solar radiation out than it 
is in keeping terrestrial radiation in. In other words, the veil of dust 
produces an inverse greenhouse effect, and hence, if the dust veil 
were indefinitely maintained, the ultimate equilibrium temperature 
of the earth would be lower than it is when no such veil exists. 

The ratio of 30 to 1 in favor of terrestrial radiation in its ability 
to penetrate the dusty atmosphere may at first seem quite too large, 
but it should be remembered that the dust particles in question are to 
terrestrial radiation in general, as air molecules are to solar radiation, 
in the sense that in both cases but little more than mere scattering 
takes place. Now, it is obvious that the dust particles are manyfold 
more effective in intercepting solar radiation, which they appear to do 
chiefly by reflection, than are an equal number of air molecules which 
simply scatter it, and hence it may well be that the above theoretically 
determined ratio 30 to 1 is no larger than the ratio that actually 
exists, or at any rate that it is of the correct order. 

It must be distinctly understood that certain of the assumptions 
upon which the foregoing is based, for instance, uniformity of size, 
complete opacity, and sphericity of the dust particles, are only 
approximately correct, but at present they are the best that can be 
made, and doubtless give at least the order of magnitude of the effects, 
which, indeed, for the present purpose is quite sufficient. 

It may be well in this connection to call attention to the fact that 
excessively fine dust particles, or particles whose diameters are half, or 
less, the wave length of solar radiation (region of maximum intensity) 
and which therefore remain longest in suspension, shut out solar radi- 
ation manyfold more effectively than they hold back terrestrial 
radiation. This is because both radiations, solar and terrestrial, are 
simply scattered by such small particles, and scattered according to 
the inverse fourth power of the wave length. 

Now, the ratio of solar wave length to terrestrial wave length 
(region of maximum intensity in both cases) is roughly 1 to 25, and 
therefore the ratio of their fourth powers as 1 to 39X10*, about. 
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Hence, in the case of the very finest and therefore most persistent 
dust, the interception of outgoing radiation is wholly negligible in 
comparison with the interception of incoming solar radiation. 

Let us next see what observational evidence, pyrheliometric or 
other kind, we have bearing on the eflFect of volcanic dust on radiation. 

Pyrheliometric records, — ^Direct measurement of solar radiation by 
means of the pyrheliometer shows marked fluctuations from year to 
year in the intensity of this radiation as received at the surface of the 
earth. This subject has been carefully studied by Dr. H. H. Kimball,^ 
of the United States Weather Bxireau, and figure 1 kindly prepared by 
him for use in this article, graphically represents the course of pyrheUo- 
metric readings from the beginning of 1883 till and including 1913. 
The yearly values are given in terms of the average value for the entire 
period and, therefore, percentages of this average do not represent the 
full effect of the disturbing causes, of which volcanic dust certainly 
is the chief. 

The marked decrease in the pyrheliometric readings for 1884, 
1885, and 1886 doubtless were largely if not almost wholly due to the 
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Fio. 1.— Annual average pyrheliometric values. 

m 

eruption of Krakatoa in the summer of 1883; the decreased values 
of 1888 to 1892, inclusive, occurred during a period of exceptional 
volcanic activity but were most probably due essentially to the 
violent eruptions of Bandaisan (1888),-Bogoslof (1890), and Awoe 
on Great Sangir (1892); the low values of 1903 to the eruptions of 
Santa Maria, Pel6, and Colima; and the present low values, 1912-13, 
to the recent (1912) explosion of Katmai. 

There is, then, abundant pyrheliometric evidence that volcanic 
dust in the upper atmosphere actually does produce that decrease 
in direct solar radiation that theory indicates it should, and, as the 
theory is well founded and the observations carefully taken, this 
mutual confirmation may be regarded as conclusive both of the 
existence of volcanic dust in the upper atmosphere (isothermal 

1 Bull. Mt. Weather Obsy., 3, p. 09, 1910. 
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region) and of its efficiency in intercepting direct radiation from the 
sun. 

It should be remembered; however, in this connection that the 
intensity of the solar radiation at the surface of the earth depends 
upon not only the dustiness of the earth's atmosphere but also upon 
the dustiness, and of course the temperature, of the solar atmosphere. 

Obviously dust in the sun's envelope must more or less shut in 
solar radiation just as and in the same manner that dust in the 
earth's envelope shuts it out. Hence it follows that when this dust 
is greatest, other things being equal, the output of solar energy 
will be least, and that when the dust is least, other things being 
equal, the output of energy will be greatest. Not only may the 
intensity of the emitted radiation vary because of changes in the 
transparency of the solar atmosphere but also because of any vari- 
ations in the temperature of the effective solar surface which, it 
would seem, might well be hottest when most agitated, or at the times 
of spot maxima, and coolest when most quiescent, or at the times of 
spot minima. 

Now, the dustiness of the solar atmosphere, manifesting itself as a 
corona, certainly does vary through a considerable range from a 
maximum when the sun spots are most numerous to a minimum 
when they are fewest, and therefore, partly because of changes in 
the transparancy of the solar envelope and partly because of changes 
in the solar surface temperature, if , as in all probability they do, such 
temperature changes take place we should expect the solar constant 
also to vary from one value at the time of spot maximum to another 
at the time of spot minimum and to vary as determined by the con- 
troUmg factor, dust or temperature. 

If the above reasoning is correct, it follows that pyrheliometric 
readings are, among other things, functions of both the solar atmos- 
phere and our own terrestrial atmosphere; and as the former is 
altered chiefly by sun spots, or at least varies with their production 
and existence, and the latter by volcanic explosions, a means is at 
hand for comparing the relative importance of the two radiation 
screens. Figure 2 shows one such comparison. The upper curve 
gives smoothed annual average pyrheliometric readings (not solar 
constants, though closely proportional to them) and the lower curve 
sun-spot numbers. It will be noticed that in their most pronounced 
features the two curves have but little in common and that the 
great drops in the pyrheliometric values occur simultaneously with 
violent volcanic explosions, as already explained, and not at the 
times of sun-spot changes. Hence it appears that the dust in our 
own atmosphere, and not the condition of the sun, is the controlling 
factor in determining the magnitudes and times of occiurence of 
great and abrupt changes of insolation intensity at the surface of 
the earth. 
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This is what the curves positively show, but it is not all they indi- 
cate. From 1894 to 1901 there were no volcanic explosions, so far 
as known, of importance, and therefore during this time the upper 
atmosphere must have been more or less uniformly free from dust. 
But there seems to have been during this interval a slow decrease in 
pyrheliometric values, and presumably therefore in the solar con- 
stant; also during exactly this same interval the number of sun spots 
slowly decreased. Again, from 1905 to 1911, the same general trends 
of the curves, a decrease in pyrhehometric values simultaneously 
with a decrease in sun spots, repeat themselves. Hence the indica- 
tion — it is impossible yet to call it a certainty — seems to be that the 
solar constant, and hence presumably the effective surface tempera- 
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Fio. 2.— Relation of pyrheliometric values to sun-spot numbers and volcanio eruptions. 

ture of the sun, is a little though not much greater at the times of 
spot maxima than at the times of spot minima. 

Surface temperatures, — If a veil of dust actually should intercept 
as much as one-fifth of the direct solar radiation, as Fig. 1 indicates 
that at times it does, it would seem that in those years the surface 
temperatures of the atmosphere should be somewhat below the normal. 
Of course the great supply of heat in the ocean would produce a lag 
in this effect, and besides there must be both an increase of sky light 
by scattering and some interception of earth radiation by the dust 
which, since it is at great altitudes, receives the full or nearly the 
full planetary radiation of the earth. This increase of sky radiation, 
together with the return ten-estrial radiation, obviously compensates 
in some measure for the loss of direct insolation. 

651—13 2 
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However, measurements made by Abbot * at Bassour, Algeria, 
during the summer of 1912 show that at this time and place the 
direct radiation and the sky radiation, which obviously included 
both the scattered solar radiation and some return terrestrial radia- 
tion, were together less by about 10 per cent than their normal com- 
bined values; and there is no reason to think that in this respect 
Bassour was at all diflFerent from other places, probably the whole 
earth, covered by the veil of dust. Clearly, then, if this decrease in 
the radiation received should continue indefinitely, the ultimate 
radiation of the earth would also decrease to the same extent, or 10 
per cent. Now since the earth, or rather the water vapor of the 
atmosphere, radiates substantially as a black body and therefore as 
the fourth power of its absolute temperature, it follows that a 10 per 
cent change in its radiation would indicate about a 2.5 per cent 
change in its temperature. But the effective temperature of the 
earth as a full radiator, which it closely approaches, is about 256° C.^ 
Hence a change of 10 per cent in the radiation emitted would imply 
6.4° C. change in temperature, an amount which, if long enough con- 
tinued, would be more than sufficient to produce glaciation equal to 
the most extensive of any known ice age. 

As above implied, not much lowering of the temperature could be 
expected to take place inmiediately,but still some cooling might well 
be anticipated. To test this point the temperature records of a num- 
ber of high altitude (together with two or three very dry) inland 
stations have been examined. High altitudes were chosen because 
it might be expected that the temperature contrast between normal 
and dusty years would be greatest where the amount of atmosphere 
traversed below the dust layer is least; and the condition that the 
station should also be inland was imposed because these are freer, 
presumably, than many coast stations, from fortuitous season 
changes. Thus, stations in the eastern portion of the United States 
are rejected because of the great differences in the winters, for 
example, of this section depending upon conditions wholly inde- 
pendent, so far as known, of variations in the intensity of direct 
radiation. 

The number of stations was still further limited by the available 
recent data. Hence the records finally selected, and kindly put in 
shape by the Climatological Division of the United States Weather 
Bureau, Mr. P. C. Day in charge, for use in this article, were obtained 
at the following places: 

> Smithsonian Miscellaneous Collections, Vol. W, No. 29. 
2 Abbot and Fowle. Annals, etc. Vol. 2, p. 175, 19()S. 
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Table I. — Stations whose data were used. 

AMERICA. 
Name. 



Baker 

Bismarck 

Cheyenne 

Denver 

Dodge City 

El Paso 

Helena 

Huron 

North Platte. 

Red Bluff 

Sacramento... 
Salt Lake City 
San Antonio.. 

Santa Fe 

Spokane 

Winnemucca. 
Yuma 



Latitude N. 





/ 


44 


46 


46 


47 


41 


08 


39 


45 


37 


45 


31 


47 


46 


34 


44 


21 


41 


08 


40 


10 


38 


35 


40 


46 


29 


27 


35 


41 


47 


40 


40 


58 


32 


45 



Longitude W.< Elevation. 



117 50 

100 38 

104 48 

105 00 
100 00 

106 30 
112 04 

98 14 

100 45 

122 15 

121 30 

111 54 

98 28 

105 57 

117 25 

117 43 

114 36 



Feet. 
3,466 
1,674 
6,088 
5,291 
2,509 
3,762 
4,110 
1,306 
2,821 

332 

69 

4,360 

701 
7,013 
1,929 
4,344 

141 



EUROPE. 



Mont Ventoux 

Obir 

Pic du Midi... 
Puy de D6me. 

Saritis 

Schneekoppe . . 
Sonnblick 



44 10 I 

46 30 , 
42 56 I 

45 46 ' 

47 15 
50 44 I 
47 03 I 



5 16 

14 29 
8 
2 57 
9 20 

15 44 
12 57 



6,234 
6,716 
9,380 
4,813 
8,202 
5,359 
10,190 



INDIA. 



Simla. 




77 12 I 



7,232 



Table II. — Average temperature departures from temperature normals — America. 



Year. 



1880. 
1881. 
1882. 
1883. 
1884. 
1885. 
1886. 
1887. 
1888. 
1889. 
1890. 
1891. 
1892. 
1893. 
1894. 
1895. 
1896. 
1897. 
1898. 
1899. 
1900. 
1901. 
1902. 
1908. 
1904. 
1905. 
1906. 
1907. 
1908. 
1909. 
1910. 
1911. 
1912. 



Maxima. 



Minima. 



Means. 



Actual. I Smoothed. | Actual. ' Smoothed. 



,3 
4 
4 



-1.3 
+0.2 
-0.3 
-1.6 
-1.8 
+0.4 
+0. 
+0. 
+0. 
+0.9 
+0.3 
-0.9 
-0.8 
-0.9 
-0.3 
-0.7 
+0.3 
-0.6 
-0.3 
-0.8 
+1.4 
+ 1.1 
-0.3 
-1.0 
+0.6 
-0.8 
-0.2 
0.0 
+0.6 
-0.6 
+2.1 
-0.4 
-1.2 



e jf 

+6.03 
-0.30 
-0.50 
-1.33 
-1.20 
-0.18 
+0.35 
+0.38 
+0.53 
+0.63 
+0.15 
-0.58 
-0.85 
-0.73 
-0.55 
-0.35 
-0.18 
-0.30 
-0.65 
-0.13 
+0.78 
+0.83 
-0.13 
-0.43 
-0.15 
-0.30 
-0.30 
+0.10 
+0.15 
+0.38 
+0.80 
+0.03 
-0.70 



I 



-1.8 
+0.6 
-0.2 
-1.0 
-0.6 
+ 1.1 
+0.1 
-0.9 
-0.1 
+0.6 
-0.2 
-0.4 



-0 
-0 
+0 
-0 
+0.9 
+0.1 
-0.6 
-0.7 
+1.6 
+ 1 
+0 
-0.6 
+0.5 
-0.2 
+0.2 
+0.1 
0.0 
-0.4 
+0.6 
-0.5 
-1.0 



1 
.5 



I 



-0.68 
-0.20 
-0.20 
-0.70 
-0.28 
+0.43 
+0.10 
-0.45 
-0.13 
+0.23 
-0.05 
-0.38 
-0.33 
-0.38 
-0.18 
-0.08 
+0.28 
+ 0.13 
-0.45 
-0.10 
+0.90 
+ 1.08 
+0.38 
-0.05 
+0.05 
+0.08 
+0.08 
+0.10 
-0.08 
-0.05 
+0.08 
-0.35 
-0.63 



Actual. 



op 

-1.7 
+0.1 
-0.4 
-L3 
-L6 
+0.3 
—0.2 
0.0 
+0.5 
+L1 
+0.7 
-0.2 
-0.1 
-0.4 
+0.6 
-0.3 
+ L0 
+0.1 
-0.1 
-0.4 
+ 1.9 
+ 1.5 
+0.5 
-0.4 
+1.0 
-0.1 
+0.5 
+0.4 
+0.7 
-0.1 
+1.7 
-0.3 
-0.9 



Smoothed. 



"F. 
-0.50 
-0.48 
-0.50 
-1.15 
-1.05 
-0.30 
-0.03 
+0.07 
+0.63 
+0.85 
+0.58 
+0.05 
-0.20 
-0.08 
+0.13 
+0.25 
+0.45 
+0.28 
-0.13 
+0.25 
+ L23 
+1.35 
+0.53 
+0.18 
+0.38 
+0.33 
+0.33 
+0.50 
+0.43 
+0.55 
+0.75 
+0.05 
-0.63 
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Table III. — WeigJUed departures of mean temperatures from normal temperatures — World. 



Bate. 



1872 
1873 
1874 
1876 
1876 
1877 
1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 
1880 
1887 
1888 
1880 
1890 
1891 
1892 



AntnaL 


1 

Smoothed. 


'F, 


•If. 


-0.78 


-0.80 


-0.66 


-0.47 


+0.20 


-0.34 


-1.12 


-0.61 


-0.40 


-0.60 


-0.48 


-0.32 


+0.07 


0.00 


+0.33 


+0.04 


-0.60 


-0.13 


+0.14 


-0.02 


+0.14 


-0.16 1 


-1.04 


-0.68 1 


-0.79 


-0.61 


+0.17 


-0.09 


+0.11 


+0.03 


-0.29 


-0.05 1 


+0.26 


+0.24 


+0.74 


+0.67 


+0.64 


+0.40 


-0.21 


+0.06 


+0.10 


-0.09 



Date. 



1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1011 
1912 



ActoaL 



•P. 

-0.34 

+0.34 

-0.21 

+0.49 

+0.34 

+0.61 

+0.27 

+1.19 

+0.40 

+0.20 

-0.30 

+0.81 

-0.51 

+0.23 

+a23 

+0.61 

-0.43 

+0.69 

+0.23 

-0.80 



SmootliBd. 



•F. 
-0.06 
+0.03 
+0.10 
+0.28 
+0.45 
+0.46 
+0.69 
+0.76 
+0.56 
+0.13 
+0.10 
+0.20 
+0.01 
+0.06 
+0.80 
+0.21 
+0.11 
+0.30 
+0.09 
-0.40 



In Table II the first column gives the year in question. The sec- 
ond column gives the average departure in degrees F. for the 1 7 
American stations, of the annual average maximum, as determined 
from the monthly average maxima, from the normal annual maxi- 
mum, or average of a great many annual average maxima. The 
third column gives smoothed values, determined from the actual 
values in the second column, as follows : 



iJ = 



a-\-2h + c 



in which S is the smoothed value, b the actual value pertaining to 
the particular year for which S is being computed, a and c the actual 
values for the next previous and the next succeeding years, respec- 
tively. The fourth and fifth columns give, respectively, the actual 
and the smoothed average departures of the annual average minima, 
while the sixth and seventh columns give the corresponding average 
departures of the annual average means. 

Figure 3 shows the graphical equivalents of the smoothed portions 
of Table II. 

It will be noticed that the three curves of Fig. 3, marked max., 
min., and mean, respectively, are in general quite similar to each 
other. Hence because of this mutual check and general agreement 
we feel reasonably certain that any one set of temperature data, the 
means for instance, furnishes a fairly safe guide to the actual tem- 
perature and climatic fluctuations from year to year or period to 
period. 

Table III gives the weighted actual average departures and the 
smoothed departures in degrees F. of the annual mean tempera- 
tures of the selected 17 American, 7 European, and 1 Indian station 
listed in Table I. 
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The average departures were calculated in accordance with the 
more or less correctly coefficiented equation, 

^^4^ + 2^+7 



in which D is the weighted departure, A the smoothed average 
American, E the smoothed average European, and I the smoothed 
Indian departure of the mean annual temperature from the normal 
annual temperature. 

Table III extended, as well as the scanty early data, mainly from 
the given stations, will permit, back to 1872, is graphically repre- 
sented by the continuous light curve at the bottom of Fig. 4. In 
1880 and again in 1901 the curve probably does not very closely 
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Fio. 3.--Smoothed averages of the annual average temperature departures of 17 American stations. 

represent world-wide temperature departures, beiag, presumably, 
at both places quite too low, owing, in each case, to an abnormally 
cold single month in America. 

From 1906 to 1911 the dotted, curve gives the average temperature 
departures for the American stations only, and presumably repre- 
sents world temperature departures much more closely than does 
the continuous light line for the same time. This is because of two 
or three exceptionally cold summer months in Europe. 

The dotted curve from 1872 to 1900 gives the smoothed averages 
of the annual temperature departures from the normal temperatures 
of the following stations as computed from the actual departures 
given by Nordmann:^ Sierra Leone, Recife, (or Pemambuco), Port 

1 Revue Gdn^ral des Sciences, August, 1903, pp. 80S-808. Annual Report, Smithsonian Institution, 
1003, pp. 139-149. 
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au Prince, Trinite, Jamaica, Habana, Manila, Hongkong, Zikawei, 
Batavia, Bombay, island of Rodriguez, island of Mauritius. 

All these, or practically all, are low-level stations, and most of 
them either tropical or semitropical, and therefore should show in 
general a smaller temperature range than the high-altitude statiorg 
whose temperature departures are given by the contiimous fine line 
curve. Hence, all things considered, the average temperature 
departures as calculated from the two sets of stations agree remark- 
ably well, so that one can say with a fair degree of confidence that 
the heavy curve T approximately represents the average of the 
departures of the mean annual temperatures from the normal annual 
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Fig. 4.— Smoothed pyrhelloinelrlc, sun spot, and temperature curves. 

temperatures of the entire earth, or that T is the curve of world 
temperatures. 

Relation of world temperatures to pyrheliometric values. — Curve P, 
also of Fig. 4, gives the smoothed course of the annual average 
pyrheliometric readings as computed from the actual values given 
in Fig. 1. The insolation intensity data covering the whole of 
the depression that ha.* its minimum in 1885 was obtained at a 
single place, Montpellier, France, by a single observer, L. J. Eon,* 
who confined himself to noon obsrcrvations with a Crova actinometer. 
It may be, therefore, that merely local and temporary disturbances 
produced a local insolation curve that was not quite parallel to 
the curve for the entire world. At any rate, the drop in the solar 
radiation values obviously was due to dust put into the atmosphere 
by the explosion of Krakatoa in August, 1883, and it would seem 
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that the eTects of this dust both on the surface temperatures and on 
pyrheliometric values must have been greater during the latter 
part of 1883 and in 1884 than they were in 1885, when much of the 
dust certainly had already settled out of the atmosphere, and this 
supposition is well supported by the pyrheliometric and temperature 
drops that immediately followed the volcanic explosions of 1903 
and 1912, and their partial recovery within a single year. Never- 
theless the pyrheliometric values must be accepted as obtained. 
Indeed, they appear to be somewhat supported by the fact that 
the coldest year following the similar, though more violent, explosion 
of Asamoyama, just 100 years earlier, was not the year of the explo- 
sion, 1783, nor the following year, but 1785. 

It is probable that in the earlier, as certainly in the later, of these 
unusual cases the dust was thrown to such great altitudes that the 
finer portions were nearly or quite two years in reaching the lower 
level of the isothermal region. Clearly, too, much of this dust, 
while perfectly dry, probably was so fine as merely to scatter even 
' solar radiation, and yet on reaching the humid portions of the atmos- 
phere the particles may have gathered sufficient moisture to assume 
reflecting size, and therefore seriously to interfere with insolation. 
This is merely suggested, but in no wise insisted upon, as a possible 
explanation of the unusual pyrheliometric lag after the explosion 
of Krakatoa. 

It is obvious from a mere glance that the pyrheliometric and the 
temperature curves, or curves P and T, have much in common. 
This is especially marked by the large and practically simultaneous 
drops in the two curves in 1912 following the eruption of Katmai. 
But while a relation between these curves thus appears certain, 
the agreement is so far from perfect as to force the conclusion that 
pyrheliometric values constitute only one factor in the determination 
of average world temperatures. 

Sun spots and temperature. — It has been known for a long time 
that the curve of sun-spot numbers, curve S, Fig. 4, and the curve 
of earth temperatures, curve T, follow or parallel each other in a 
general way, in the sense that the fewer the spots the higher the 
temperature, with, however, puzzling discrepancies here and there. 
Both these facts, the general agreement between the phenomena 
in question and also their specific discrepancies, are well shown by 
the curves S and T of Fig. 4, and while the discrepancies are marked, 
it is obvious that on the whole the agreement is quite too close to 
leave any doubt of the reality of some sort of connection between 
sun spots and atmospheric temperatures. Just how or by what 
process this relation exists will be discussed below. 

Combined effect of insolation intensity and sun-spot influence on 
atmospheric temperatures, — Since it is obvious that the insolation 
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intensity and the number of sun spots each exerts an influence 
on the temperature of the earth, it is clear that some sort of a combi- 
nation of the two curves P and S should more closely parallel the 
temperature curve T than does either alone. It is probable that 
the sun-spot effect is not directly proportional to the actual number 
of spots, but, however this may be, the direct combination of the 
curves P and S gives the resultant P-^-S, which, as a glance at the figure 
shows, actually parallels the curve of temperatures Twith remarkable 
fidelity. Exactly this same combination from 1880 to 1909 has 
just been made by Abbot and Fowle,^ whose lead in this important 
particular is here being followed and the resultant curve found to 
run closely parallel to the curve of ''smoothed annual mean depar- 
tures" of the maximum temperatures of 15 stations in the United 
States. 

Probably the most striking point of agreement, as shown by Fig. 4, 
between the combination curve and the temperature curve, occurs in 
1912, where, in spite of the fact that the sun spots were at a minimum, 
the temperature curve dropped greatly and abruptly; obviously 
because of the simultaneous and corresponding decrease in the in- 
tensity of solar radiation produced by the extensive (presumably 
world-wide) veil of Katmai's dust. 

Temperature variations since 1750 as influenced by sun spots and 
volcanic eruptions. — Sun-spot numbers ^ month by month are fairly 
well known since July, 1749, and so too are the annual temperature 
variations' from about the same time, and therefore the data are at 
hand for comparing these two phenomena over a continuous period 
of a little more than 163 years, or from at least the beginning of the 
year 1750 to the present date. Fig. 5 makes this comparison easy. 
The bottom curve gives the smoothed annual temperature departures, 
as computed from Koppen's actual annual departures, using aU 
stations, while the top curve follows Wolfer's annual average sun-spot 
numbers.* Of course the earlier observations, both of sun spots and 
of temperatures, were few in number and more or less unsatisfactory 
in comparison with those obtained during the past 30 or even 40 years. 
Nevertheless it is clear from Fig. 5 that at least since 1 750, the date of 
our earliest records, and presumably therefore since an indefinitely 
distant time in the past, the two phenomena, atmospheric tempera- 
ture and sun-spot numbers, have in general varied together, with, 
however, marked discrepancies from time to time. These we shall 
now consider and show that they occurred in every important case 
simultaneously with violent volcanic eruptions. 

1 Smithsonian Miscellaneous Collections, vol. 60, no. 29, 191v3. 

> Wolfer, Astronomischo Mitteilungen, 93, 1902, and later numbers. 

» KOppen, Zeit. 5sterreich. Oesell. fur Meterologio, vol. 8, pp. 241, 257, 1873. 

* Note by the Editor.— The first authoritative publication of the revised list of observed and of smoothed 
sun-spot numbers, respectively, and of the remarks by Prof. A. Wolfer, will be found on pp. 171-176 of the 
Monthly Weather Review for April, 1902, with a graphic diagnim that was subsequently reprinted in the 
Astronomische Nachrichten.— C. A. 
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Volcanic disturbance of atmospheric temperature since 1750. — ^It 
must be distinctly remembered that the earlier temperature records, 
because of their limited number, if for no other reason, can give us 
only the general trend of world temperatures. Again, the record 
back to 1750 of even violent volcanic eruptions is necessarily incom- 
plete; and, besides, not all great eruptions decrease the world's tem- 
perature — only those that drive a lot of dust into the isothermal 
region. Extensive and long-continued sky phenomena, therefore, 
of the type that followed the eruption of Krakatoa, furnish the best 
evidence of volcanic violence in the sense here used. Finally, there 
can be no particular test save where the temperature is low in com- 
parison with that which the number of sun spots would lead us to 
expect. Obviously then, no matter how close the actual relation 
between the phenomena may be, the errors and the incompleteness 
of the recorded data would prevent the discovery of more than a 
general relation. 

Of course it will naturally occur to one to ask about special cases, 
such as the cold years of 1783-84-85, and, in particular, 1816, the 
famous **year without a summer," ^'poverty year," or ''eighteen 
hundred and froze to death." The first of these, 1783-85, followed, 
as already explained, the great explosion of Asama in 1783, while the 
second, the ''year without a summer," that wap cold the world over, 
followed the eruption of Tomboro, which was so violent that 56,000 
people were killed,* and "for three days there was darkness at a 
distance of 300 miles." ^ 

There is a detail in the temperature curve for the years 1886-87, 
that needs special attention. The temporary depression where, 
seemingly, the temperature should be steadily rising obviously was 
due to the great eruption of Tarawera in New Zealand. This volcano 
is a little more than 38° south of the equator, and therefore furnished 
a good example of an eruption on one side of the equator affecting 
the temperature far to the other side. 

But if the temperature was decreased by Tarawera, why, one might 
ask, was not the pyrheliometrrc curve similarly affected ? It was, for 
several months after the eruption, as the individual monthly values 
show, but the annual means, plotted in the figure, have the effect of 
making the pyrheliometric disturbance from Tarawera appear only as 
a retardation in the recovery from Krakatoa. 

Neglecting the smaller irregularities w^hich may or may not have 
been of world-wide occurrence, and remembering that, other things 
being equal, we may expect temperature maxima at the times of spot 
minima and temperature minima at the times of spot maxima, we 
can tabulate as follows the marked discrepancies and their probable 
explanations: 

1 Schneider, Die Vulcanischen Erscheinungen der Erde, p. 1, 1911. 
s Report Krakatoa Committee Royal Society, 1888, p. 393. 
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Temperature and sun-spot discrepancies. 



J 



Date. 



I 

Nature of | Probable cause. 

(IkSe^repancy. 



1755-6. 
176(>-7. 

177^9. 



1799 1 Cold 

1S09 1 Cold 

1812-13-14- Cold, 



Cold Kotlupia, Iceland, 1755. 

Cold ; Hecla, Iceland. 1766. 

' Mayon, Luzon, 1766. 

Warm Maximum number (annual) of sun .spots ever rocorde^l and unusually short 

spot period. Can it be ihat the sDlar constant actually was distinctly 
I preaier than usual at this time? 

1 7S4-5-6 Cold A SA M A ,1 Japan, 17S:j. The most frightful eruption on record . 

Skaptar Jokull, Iceland, 17S3. 
Vesuvius, Italy, 17K.5. 
Fuepo (?), (Juaiemala. (Uncertain.) 
St. C«e')rKe (?), Azores, 1S()S, (Uncertain.) 
Etna (?),Sicilv, 1809. (Uncertain.) 
Soufrifere, St. Vincent, 1812. 
15-16. ' Ma von, Luzon, ISU. 

I ' ToMRORO.i Surabawa, 1815; very great. 

1S31-2 Cold Ctraham's Island, 1S31. 

Babujan Islands, 1h31. 
Pichincha, Ecuador, 1S31. 

18.56-7 Cold Cotopaxi (?), and others, 1855 6. (UncerUin.) 

l-i72-3 Cold Vesuvius, Italy, 1S72. 

Merapi. Java, 1S72. 

1875-6 Cold VatnaJSkull, Iceland, 1875. 

1884-5-6 Cold Krakato\,» Strait of Sunda, 1SS3; greatest since 1783. 

St. .\UBUstin, Alaska, 1ks:j. 
Tarawera, Sew Zealand, 1SS6. 

1890-1-2 Cold Bogoslof. Aleutian Islands, 1S90. 

I Awoe. (treat Sancir, 1S92. 

1902-3-4 1 Cold Pel^. Martinique; 1902. 

I Santa Maria, (tuatemala, 1902. 

Colima, Mexico, 1903. 

1912-13 Cold I Katmai, Alaska, 1912. 

1 _ 

1 Exceptionally violent. 

The above list does not dispose of all the seeming irregularities, 
nor of all the known volcanic eruptions; but it does dispose of all 
the well-defined and unquestioned irregularities and also of every 
one of the known really great volcanic explosions since 1750. 

We may conclude, therefore, that the variations in the average 
temperature of the atmosphere depend jointly upon volcanic erup- 
tions, through the action of dust on radiation, as already explained, 
and upon sun-spot numbers, through, presumal)ly, some intermediate 
action they have upon the atmosphere — possibly of the nature we 
shall now explain. 

How sun spots may change earth temperatures .- If the solar constant 
remains the same from spot maximum to spot minimum, it clearly 
is not easy to see at a glance why the surface temperature of the 
earth should vary as it does w4th spot numbers; and the situation 
is still more difficult if, as observations appear to indicate, our lowest 
temperatures occur when the solar constant is greatest and our high- 
est temperatures when this constant Is least. There is, however, a 
possible explanation of the paradox, and w^iile it may not contain 
the whole truth, it nevertheless is sufficient to show a priori that in 
all probability our temperatures do change from spot maxima to 
spot minima without a eorrespondhig change m the solar constant, 
and also to show that a decrease in our surface temperatures may 
accompany even a slight increase in the solar constant. 
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The explanation in question has already been given elsewhere/ and 
the original paper must be consulted by those who wish to weigh all 
the details of the argument. Briefly, however, the argument is as 
follows : 

1. At the times of spot maxima the solar corona is much more 
extensive than it is at the times of spot minima — a well-known 
observation. 

2. This corona consists in part at least of reflecting particles, as 
many eclipse observations have shown, and so may be regarded as 
dust in the solar atmosphere. 

3. The brightness of the sun, as every solar observer knows, drops 
off from center to limb. 

4. This drop, as reported by various observers, is greater the shorter 
the wave length, and duo, almost certainly, to diffuse scattering. 

From these observational facts it follows that during spot minima, 
other things being equal, the solar spectrum must necessarily be 
richer in violet and ultra-violet radiation than it is during spot 
maxima. 

But, as experiment has shown,* ultra-violet radiation of shorter 
wave length than X 1850 is strongly absorbed by oxygen, with the 
result that some of the oxygen is converted into ozone. Hence, since 
the atmosphere of the isothermal region is cold and dry (conditions 
favorable to the stability of ozone) and since of the gases of the 
upper atr[iosphere only oxygen is appreciably absorptive of radia- 
tions between k 1250 and X 1900,' we should confidently expect it to 
contain more or less ozone, an expectation greatly strengthened by 
the observations of Fabry and Buisson,* though already virtually 
confirmed by Angstrom.^ In so far, then, as this ozone is produced 
by ultra-violet radiation, we should also very definitely expect it to 
be greater in quantity when the very short wave-length radiation to 
which it is due is most intense, or presumably, therefore, at the times 
of spot minima. Now, according to the experiments of Ladenburg 
and Lehmann,* while ozone is somewhat absorptive of solar radia- 
tion it is several fold more absorptive, in fact highly absorptive, of 
terrestrial radiation. Hence in this case, as in the case of the 
absorption of radiation by dust, already considered, equation A 
(p. 7) is applicable. 

In this equation let a be the coefficient of absorption of the ozone 
in the isothermal region for solar radiation and h its coefficient of 
absorption for eartli radiation. To be definite, let a = 0.02 and 
6 = 0.10 at the time of a spot maximum, and for a spot minimum let 

I Humphreys, Astrophys. Jr. 32, p. 97, 1910. 
» Lyman, Astrophys. Jr. 27, p. 87, 190S. 
3 Lyman, \. c. 

* C. R. 156, p. 782, 1913; Journal de Physique, 3, p. 19(5, 1913. 
6 Arklv f6r Matematik, Astronomi och Fysik, 1, p. 3Uj, 1904. 

• Annalen dcr Fhy^ik, 21, p. 30.'5, 190C. 
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a = 0.03 and 6 = 0.15, quantities that would require really very little 
ozone. Then, remembering that the earth radiates practically as a 
full radiator, or black body, at the absolute temperature 256® C, and 
taking Tmax and Tmin as the equilibrium temperatures at the time of 
spot maximum and spot minimum, respectively, we get 

M=l' T„„-258«'.65 
and 

2QQQJ Troln = 260 .05. 

That is, under these conditions, and if the solar constant should 
remain exactly the same, the temperature at the time of spot mini- 
mum would be 1°.4 C. warmer than at the time of spot maximum. 
Hence even a slight increase in the solar constant at the time of spot 
maximum might still leave the temperature a trifle cooler than at the 
time of spot minimum. 

Of course it is not claimed that the above gives, both quantitatively 
and qualitatively, exactly what happens, but itis claimed that it does 
show qualitatively what might happen and, so far as we can judge 
from observations and laboratory experiments, what actually must 
happen. 

Influence of carbon dioxide on temperature. — It was stated in the 
early part of this paper, under the carbon dioxide theory of ice ages, 
that the question of the possible effect a change in the amount of car- 
bon dioxide in the atmosphere might have on temperatures would be 
taken up later. The way to this is now open tlirough the above dis- 
cussion of ozone. Like ozone, carbon dioxide also is more absorptive 
of terrestrial radiation than of solar energy. Hence increasing the 
carbon dioxide in the atmosphere, and thereby increasing its amount 
in the isothermal region where we can treat it as a shell external to the 
radiating earth,' obviously must have the same general effect on the 
temperature of the earth as increasing the ozone of this region would 
have. That is, other things being equal, a greater or less temperature 
increase would foUow the introduction into the atmosphere of a larger 
amount of carbon dioxide. 

Because of the constant mixing caused by vertical convection it is 
probable that the percentage of carbon dioxide is very nearly as great 
at tlie under surface of the isothermal region as it is at the surface of 
the earth. If so, then the carbon dioxide of the isothermal region is 
equivalent, roughly, to a layer 40 centimeters thick at normal atmos- 
pheric pressure. In high latitudes, where the isothermal level is low, 
the equivalent layer probably is thicker than this and in equatorial 
regions probably thinner. Now, according to the experiments of 
Schlaefer,^ a layer of carbon dioxide 40 centimeters thick is sufficient 

1 Ann. der Physik, 16, p. 03, 1905. 
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to produce very nearly full absorption, and therefore no increase in 
the amount of carbon dioxide in the atmosphere could very much 
increase its temperature. 

An approximate idea of the possible temperature change of the lower 
atmosphere as a result of the presence of carbon dioxide in the iso- 
thermal region can be obtained from known data. Thus Abbot and 
Fowle * have computed that carbon dioxide may absorb 14 per cent 
of the radiation from a black body at the temperature of 282**.2 C. 
absolute. But as this is not many degrees, 25 or so, above the effec- 
tive temperature of the earth as a radiator, it follows that 14 per cent 
is, rouglily, the upper limit to which terrestrial radiation can be ab- 
sorbed by carbon dioxide in the isothermal region, while its absorption 
of solar radiation is very nearly negligible. 

Assuming that the present amount of carbon dioxide in the iso- 
thermal region absorbs 1 per cent of the solar radiation and 10 per 
cent of the outgoing earth radiation (values that seem to be roughly 
of the correct order), and using equation A as above, it will be seen, 
if the experiments here referred to and the assumptions are substan- 
tially correct, that doubling or even multiplying by several fold the 
present amount of carbon dioxide could increase the average tem- 
perature by no more than about 1*^.3 C. Similarly, reducing tlie car- 
bon dioxide by one-half could decrease the temperature by no more 
than approximately the same amount, 1**.3 C. 

It is not certain to what extent the percentage of carbon dioxide in 
the atmosphere has actually varied during the geological past, but, 
if the above reasoning is correct, it seems that our surface tempera^ 
tures could never have been much increased above their present value 
through the action of this particular agent alone. Further, the fact, 
so far as known, that within the Tropics at least plant growth, even 
during the ice ages, was quite as vigorous during the past as it is at 
present, shows that for many ages carbon dioxide has been abundant 
in the atmosphere — probably never much less abundant than at 
present. Hence it seems Ukely that a decrease in temperature of a 
fraction of one degree is all that can reasonably be accounted for in 
this way. 

Finally, if the above reasoning is correct, it seems that changes in 
the amount of carbon dioxide in the atmosphere might have been a 
factor in the production of certain climatic changes of the past, but 
that it could not, of itself, have produced the ice ages. 

Having considered, in the above long digressions, the observational 
evidence of temperature changes in connection with volcanic explo- 
sions, we are ready again to take up the main subject and to consider 
one or two more of the physical problems it presents. 

1 Annals Astrophys. Obsy. Smithsonian Inst., voi. 2, p. 172, 1908. 
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Number of dust particles, — The intensity of the solar radiation I^ 
after it has passed through x centimeters of the dusty layer of the 
atmosphere is given, as we have seen, by the equation 

/ _ /g-2nirt(92)nO-» 

But, according to numerous observations made during the summer 
and fall of 1912, when the solar radiation had passed entirely through 
the dust layer at such an angle that it met roughly twice as many dust 
particles as it would have met had it come m normally, or from the 
zenith, it was reduced by about 20 per cent. That is to say, under 
these conditions 

4 = 0.81 

Hence 

Let nx = 2Nj the total number of particles passed in a cylinder of one 
square centimeter cross section. Then 

10 = 8e^-^'^(®2)«io-» 

Hence the number of particles in a vertical cylinder of one square 
centimeter cross section is given, roughly, by the equation 

iV= 34X10* 

Temperature correction due to dust radiation. — With the number and 
size of the dust particles we are in position to determine at least an 
upper limit to the effect of the direct radiation of the particles them- 
selves on the temperature of the earth. 

The temperature of the dust particles obviously is very nearly that 
of the upper atmosphere in which they float and therefore, as we hava 
seen, approximately —55** C, or 218° C. absolute. As we have also 
seen, the quantity of radiation from the atmosphere below the iso- 
thermal region is substantially that which would be given oflf by a 
full radiator at 256° C. absolute. 

Now assume the dust particles to be concentrated side by side on 
a common plane and further assume them to be full radiators — condi- 
tions that would raise their effect to the theoretical upper limit. 
Let E be the intensity or quantity per square centimeter of the out- 
going planetary radiation, and D the intensity of the incoming dust 
radiation. Then 

E:D = (256)*:a(218)S 

in which a is the projected area of all the particles in a vertical cylin- 
der of one square centimeter cross section. 

But 

a = 34;rl0*(92)n0-^=^ = 9X10-3 

Hence 

E = 211D 
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Now, when the radiation D is absorbed by the lower atmosphere it 
follows that its temperature will be so increased that, when equi- 
librium is reached, the intensity of its new radiation will be to that 
of its old as 212 is to 211. Hence AT, the effective temperature 
increase of the lower atmosphere, is given by the equation 

(256-f ATy_212 
(2'56)^ ~211 
from which 

AT = 0^3 C 

But, as stated above, the dust particles presumably are not full 
radiators, and therefore probably one-fifth of a degree C. is as great 
an increase in temperature as may reasonably be expected from this 
source. But this increase, 0*^.2 C, is small in comparison with the 
decrease, 6® C. to 7° C, caused by the interception of solar radiation, 
already explained. Hence it appears reasonably certain that the 
sum total of all the temperature effects produced by volcanic dust 
in the upp^ atmosphere, must be, if long continued, a lowering of 
the surface temperature by several degrees C. 

Total quantity of dust. — Let nx^2 N, the total number of particles 
passed in a cylinder of 1 square centimeter cross section. Then 

10 ^Se^-^'""^^^*^^^" 

Hence iV= 34x10*, roughly, = number of particles in a vertical 
cylinder of 1 square centimeter cross section. 

If J. is the entire area of the earth in square centimeters, then the 
total number of dust particles is 

iV^ = 1734X10" 

But the radius of each particle is 92xl0~* cm. and its volume, 
assuming it spherical, 33 X 1 0~^^ cubic centimeter. Hence the total 
volume of the dust, assuming the particles spherical, is equal, roughly, 
to a cube 179 meters, or about 587 feet on the side, an amount that 
certainly is not prohibitively large. 

As just stated, the total quantity of dust sufficient, as we have 
seen, to cut down the intensity of the direct solar radiation by 20 
per cent, and therefore, if indefinitely continued, capable, presumably, 
of producing an ice age, is astonishingly small — only the one hundred 
and seventy-fourth part of a cubic kilometer, or the seven hundred 
and twenty-seventh part of a cubic mile, even assuming that the 
particles are spherical. Since, however, in large measure the parti- 
cles are more or less flat, as already explained, it follows that the 
actual total mass of the dust necessary and sufficient to reduce the 
intensity of direct solar radiation by 20 per cent probably is not 
more than the one thousand five hundredth part of a cubic mile, or 
the three hundred and fiftieth part of a cubic kilometer. 
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Hence even this small amount of solid material distributed once a 
year, or even once in two years, through the upper atmosphere would 
be more than sufficient to maintain continuously, or nearly so, the 
low temperature requisite to the production of an ice age, nor would 
it make any great difference where the volcanoes productive of the 
dust might be situated, since, from whatever point of introduction, 
the winds of the upper atmosphere would soon spread it more or less 
evenly over the entire earth. 

A little calculation will show, too, that this quantity of dust yearly 
during a period of 100,000 years would produce a layer over the earth 
only about half a millimeter, or one-fiftieth of an inch, thick, and 
therefore one could hardly expect to find any marked accumulation 
of it, even if it had filled the atmosphere for much longer periods. 

Inherent ability of the earth to produce its own climatic changes, — 
Whether periods of explosive volcanic activity, and in this case, since 
the locality of the volcano is a matter of small importance, the whole 
earth must be considered, occurred at such times as to synchronize 
with the ice ages and with other epochs of great climatic change is, 
of course, a problem for the geologist to solve. May it be that exten- 
sive upheavals and great volcanic activity were synchronous ? If so, 
their climatic effects must have been additive. Increase in land 
elevation would, because of the resulting decrease in temperature, 
extend the area of snow and ice, and the snow in turn, through its 
power to reflect sunlight, would decrease the amount of solar energy 
actually absorbed, and thus still further extend the ice sheet, and so 
on through an indefinite though decreasing and limited series. Be- 
sides, an elevation of any considerable extent is pretty certain to be 
accompanied by increase in continental area and radical modification 
of shore lines, such that greater or less changes would follow in the 
direction, temperature, and magnitude of ocean currents, location, 
number and intensity of the permanent ^^highs" and permanent 
'Uows," direction and force of local winds, amount of local precipi- 
tation, and a host of other meteorological phenomena. Thus, as the 
oceans and continents are now related to each other, the main drift 
of warm water from the tropics is toward the north and not toward 
the south, but a change in the relation of land and water that would 
reverse this proportion obviously would have the result of leaving 
the northern hemisphere, especially in higher latitudes, perceptibly 
colder than it now is, and of producing many other climatic changes, 
all of which it would be interesting to discuss from the standpoint of 
modern meteorology, though that would be beyond the restricted 
purpose of this paper — a consideration of the climatic effects of 
srolcanic dust. 

It is surmised, therefore, that the greatest of our past climatic 
changes may have been caused by the combined and roughly simul- 
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taneous • variations in continental level and volcanic activity; cold 
periods coming with increase in elevation and increase in vulcanism, 
minor climatic oscillations with temporary changes in vulcanism, 
and warm periods when the land had gone back to low levels and 
volcanoes had ceased greatly to veil the skies with dust. But while 
great changes in level, such as probably have several times occurred, 
and great changes in vulcanism, such as also have occurred, would, 
even separately, produce climatic changes, it remains for the geologist 
to determine just what was the relation of these phenomena to each 
other and to the great climatic changes with which he is so deeply 
concerned. 

However, this much appears well nigh certain: Since the beginning 
of reliable records, say 160 years ago, the average temperature of the 
earth has been perceptibly lower, possibly as much as 1® F., than it 
would have been if during all this time there had been no volcanic 
explosions violent enough to put dust into the isothermal region of 
the atmosphere. Similarly, on the other hand, if, during this period, 
violent volcanic explosions had been three or four times more numerous 
than they actually were, our average temperatures probably would 
have been at least 2° F. to 3° F. lower, or low enough, if long con- 
tinued, to bring on at least a moderate ice age. 

As already stated, it may be that our great climatic changes have 
been caused by corresponding changes in the output of solar energy, 
though at present this seems wholly impossible either definitely to 
prove or clearly to disprove; but, however they actually were pro- 
duced, it is probable if not entirely certain that, given an invariable 
or nearly invariable solar constant, the earth itself possesses poten- 
tially the power of bringing about its own climatic changes — even 
of beginning and of ending its own ice ages. 

Magnitude and importance of actual temperature changes. — The actual 
temperature range from sun-spot maximum to spot minimum varies 
roughly from 1° F. to 2° F., or possibly more, while the eflFect of vol- 
canic dust appears to be fully as great — on rare occasions even much 
greater. In some ways, and in respect to many things, a range of 
average temperatures of 2° F. is well-nigh negligible, and therefore, 
however important the results may seem to the scientist, the ultra 
utilitarian would be justified in asking '*What of it?" 

Much of it, in a distinctly practical as well as in a purely scientific 
sense, as is true of every fact of nature. For instance, during the 
summer or growing season a change of 1° F. produces a latitude shift 
of the isotherms by fully 80 miles. Hence, if there is but little or 
no volcanic dust to interfere, during sun-spot minima cereals and 
other crops may successfully be grown 50 to 150 miles farther north 
(or south in the southern hemisphere) than at the times of spot 

651—13 3 
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maxima. This alone is of great practical importance, especially to 
those who live near the thermal limits of crop production. 

In addition to changing the area over which crop production is 
possible, a change of average temperature also affects, in some cases 
greatly, the time of plant development. Thus Walter * has shown 
that a change of only 1^.26 F. may alter, and in Mauritius has been 
observed actually to alter by as much as an entire year, the time 
required for the maturing of sugar cane. Hence the temperature 
changes that normally accompany sun-spot variations, though small 
in absolute magnitude, are of great importance, and, by availing our- 
selves of the reasonable foreknowledge we have of these changes, 
may easily be made of still greater importance. 

In forecasting these small but important climatic changes it must 
be distinctly remembered that to the fairly periodic, and therefore 
predictable, sun-spot influence must be added the irregular and un- 
predictable volcanic effects. But even here the case is not bad for 
the forecaster, since the volcanic dust always produces, qualitatively, 
the same effect — ^a cooling — and since both the amount of this cooling 
and its duration may approximately be estimated from the nature 
of the volcanic explosion itself. 

CONCLUSION. 

It has been shown in the above, among many other things, that 
volcanic dust in the high atmosphere decreases the intensity of solar 
radiation in the lower atmosphere and therefore the average tem- 
perature of the earth, substantially as theory indicates a priori that 
it should; and this effect has been clearly traced back to 1750, or to 
the time of the earliest reliable records. Hence it is safe to say that 
such a relation between volcanic dust in the upper atmosphere and 
average temperatures of the lower atmosphere always has obtained, 
and therefore that volcanic dust must have been a factor, possibly a 
very important one, in the production of many, perhaps all, past 
climatic changes, and that through it, at least in part, the world ia 
yet to know many another climatic change in an irregular but well- 
nigh endless series — usually slight though always important, but 
occasionally it may be, as in the past, both profound and disastrous. 

1 On the Influence of Forests on RainliJl and the Probable Effect of *' D^bolsement" on Agriculture In 
Mauritius (1908). 
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2. VERTICAL TEMPERATURE GRADIENTS BETWEEN 
MOUNT WEATHER, VA., AND VALLEY STATIONS. 

By Alfred J. Henrt. 
[Dated September 11, 1913.] 

There has recently become available additional comparative data 
of mean monthly temperatures at Mount Weather, Va., and valley 
stations.^ These records make it possible to recompute the vertical 
temperature gradients between Mount Weather and valley stations. 

For convenience of reference the mean monthly temperatures for 
Mount Weather, beginning with June, 1908, and the simultaneous 
differences between the means for Mount Weather and valley sta- 
tions up to June, 1912, when the valley stations were closed, are 
given in the table below as suggested by Dr. J. v. Hann, Met, Zeit. 
Heft 7, 1913: 

Simultaneous differencea in monthly m^an temperatures ^ Mount Weather ^ Va., and valley 

stations. 

[Dtfferences without sign are plus.] 





Jan. 


Feb. 
*F. 


Mar. 
•F. 


Apr. 


May. 


Jtme. 

66.4 
3.2 


July. 

^F. 
71.6 

1.7 
3.0 

69.3 

4.6 
3.0 

2.8 

72.0 


Aug. 

"F. 
68.0 

2.9 


Sept. 

"F. 
64.2 

2.3 


Oct. 

54.0 

3.8 
0.2 

49.0 

3.7 
-0.1 


Nov. 

"F. 
43.5 

2.8 
0.3 

47.1 

3.4 
0.5 


Dec 


Monthly mean temperatures, 1908, 
Mount Weather, Va 


•-F. 


•F. 


32.9 


Simultaneous differences, 1908: 

Tfann. Va 












3.2 


Audley , Va 












2.61-0.2 

68.0' 61.2 

4.4| 3.8 
2.0; 1.7 
2.0' 2.7 

67.7, 65.5 


1.8 


Monthly mean temperatures, 1909, 
Mount Weather, Va 


33.2 
1.7 


38.1 
3.0 


36.1 
4.3 


48.6 


59.3 


67.8 

4.1 
3.1 
2.7 

63.9 


26.3 


Simultaneous differences, 1909: 

Trapp, Va 

Benton's Farm. Va 


1 
3. 8| 3.7 
3.9, 3.0 
2.8 2.2 

52.3 56.2 


4.8 
2.4 


Audley, Va 


-0.5 
29.0 


2.5 
29.3 


3.4 
48.0 


0.8 1.0 
55.4 35.8 


2.9 


Monthly mean temperatures, 1910, 
Mount Weather, Va 


25.2 



1 Thii Bulletin, 4, p. 310. 
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Simultaneous differences in monthly mean temperatures^ Mount Weather , Fa., and valley 

stations — Continued. 



Simultaneous differences, 1910: 

Benton's Farm, Va 

Audley, Va 

Monthly mean temperatures, 1911, 

Mount Weather, Va 

Simultaneous differences, 1911: 

Trapp, Va 

Benton's Farm, Va 

Audley, Va 

Monthly mean temperatures, 1912, 

Mount Weather, Va. 

Simultaneous differences, 1912: 

Trapp, Va 

Benton's Farm, Va 

Audley, Va 



Summary of differences, Trapp, Va.: 

1908 

1909 

1910 

1911 

1912 



Means.... 

Summary of 
Farm, va.: 

1909 

1910 

1911 

1912 



Jan. Feb. Mar. Apr. May. 

I i I 



F. 
2.9 
1.0 
1.2 



"F. 
2.5 
1.4 
1.6 



34.6 31.5 



F. 
3.5 
0.4 
0.9 



4.0 
2.1 
2.1 



4.5 
2.9 
3.2 



34.7: 45.3 66.4 



3.6 
2.4 
1.9 



• 

2.3 
1.0 
1.3 


4.3 4.5 
4.0 4.0 
3.0, 3.7 

1 


1 
4.2' 
4.1' 
2.8 


19.5 


24.8! 34.8 


51.0 


3.3 
2.6 
2.3 


3.8 4.1 
3.21 5.2 
2.71 2.3 


2.8 

4.3 

-1.3 



GO. 7 

3.2 
4.3 
0.1 



Jane. 



4.5 



July. Aug. SepL 



•F. 

4.0 
3.3; 3.2 
3.8 2.7 



67.2 

4.1 
3.9 
2.7 

64.7 

3.8 
4.3 
2.1 



1.7i 3.0 

2. 9 2. 5 

2.3 4.3 

3.3 3.8 



2.5 3.4 4.1 



4.3 
3.5 
4.5 
4.1 



differences, Benton's ' 



Means..., 



1.0 
1.0 
2.6 



1.4 
4.0 
3.2 



1.5 2.9 



0.4 
4.0 
5.2 



3.8 3./ 1 

4.0 4.5, 

4.21 3.6 

2.8 3.2 



3.7 



3.2 



Summary of differences, Audley, Va.: 

1908 

1909 

1910 

1911 

1912 



Means. 



0.5 2.5 

1.2 1.6 

1.3 3.0 
2. 3 2. 7 



1.1 2.4 



3.4 
0.9 
3.7 
2.3 



2.6 



3.9 
2.1 
4.1 
4.3 



3.6 



2.8 
2.1 
2.8 
1.3 



1.6 



3.2 
4.1 
4.5 
4.1 

3.8 



73.1 

3.7 
3.3 

2.e'' 



1.7 
4.6 
4.0, 
3.7 



op 

4.6 
4.2 
4.2 



"F. 

4.6 
3.5 
3.0 



69.9 65.2 



3.9 
4.1 
3.1 



3.8 
3.1 
2.6 



Oct. 


Nov. 


•F. 


•Jf. 


4.1 


3.2 


2.8 


4.0 


2.2 


3.5 


52.1 37.3 


3.6 


3.6 



Dec. 

"F. 
3.6 
2.2 
1.4 

37.2 



3.1 

2.6 2.6. 1.2 
3.5 2.8 1.2 



3.7 3.9 



3.5 



3.0 3.1 

2.9 3.3, 

2.4 3.9{ 

4.3 4.3 



2.9 
4.4 

4.6 
3.9 



2.3. 
3.8 
4.6 
3.8 



3.9 3.6 



3.0, 
3.2; 
3.3 



2.6 
4.2 
4.1 



3.8 
3.7 
4.1 
3.6 



2.8 
3.4 
3.2 

3.6 



3.8 3.2 



1.7-0.1 
3.5, 2.8 
3.1 2.6 



3.2 
4.8 
3.6 
3.1 



3.7 



3.2 3.7 



3.2' 3.6 



2.2 2.7 

3.2 3.8 

1.9 2.7 

0.1 2.1 



3.0 
2.8 
2.7 
2.6 



2.8 1.8 



1.8 2.8 2.8 



2.6-0.2 
2.6 2.7 
4.2 3.0 
3.1 2.6 



0.2 
0.8 
2.2 
3.5 



0.5 
4.0 
2.6 



2.4 



3.1, 2.0 



1.7 



0.3 
1.0 
3.5 

2.8 



2.4 
2.2 
1.2 



1.9 



1.8 
2.9 
1.4 
1.2 



1.91 1.8 



The values in the table are the twentv-four-hour means from cor- 
rected thermograph readings, but not corrected for chronological 
variation, as in the article before quoted. 

Using the uncorrected means and recomputing the vertical tem- 
perature gradients between Mount Weather and valley stations we 
obtain the following: 

[Degrees C. pa- 100 meters.) 



Trappe. 
Ben tons 
Audley . 



Winter. 

•c. 


spring. 


1 
Summer. 


•c. 


•c. 


0.58 


0.68 


0.68 


.30 


.47 


.49 


i27 


.37 


.43 



•a 

0.63 
.33 
.28 



Thus it is seen that in all these cases the vertical temperature 
gradients between mountain and valley stations are least in winter 
and greatest in summer, a result differing somewhat from that first 
reached (loc. cit.). Considered by individual months the maximum 
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gradient between Trappe and Mount Weather occurs in March, 0.74 
°C- per 100 meters, tlie minimum in January, 0.45. Both valley 
stations also show the minimum gradient of the year as occiuring in 
January, and the maximum in June, at Benton's farm, in the eastern 
valley, and in August, at Audley, in the western valley. 

It is to be noticed, however, that there is a rather wide variation 
in the simultaneous differences for the same month of different vears, 
especially in autumn and winter, due, as we have before remarked, to 
the relative frequency of anticyclonic weather, since weather of that 
type is conducive both to increased radiation and to the drainage of 
air into the lower portions of the valley and away from Mount 
Weather and Trappe. While radiation would doubtless affect both 
mountain and vaUey stations equally, air drainage would of course 
tend to lower the temperatures in the valley below those of Mount 
Weather and Trappe. In the intense anticyclone of January 9, 1912, 
the minimum temperature at Benton's farm was 25° F. (14® C.) 
lower than that of Mount Weather. 



The geographic relations of these stations are given in detail in the following r^sum^ of the data given 
in Vol. 4, p. 310.— Ed. 



Stations. 


AlUtudes. 


BifTerences. 


Bearings and distances from 


Feet. 


Meters. 

526 
217 
152 

137 


Feet. 



Meters. 


Mount Weather. 


Mount Weather 


1,725 
712 
499 

450 





• 


Trappe 


1,013 1 300 


East H miles (2 kilometers). 

North 30* W., 1\ miles (11 kilo* 
meters). 

South 57* E., 8 miles (13 kilo- 
meters). 

• 


Aumey, near Berry ville 

Benton's near Middleburg 


1,220 
1,275 


374 
389 



3. A CHANGE IN SKYLIGHT POLARIZATION. 

By Herbert H. Kimball. 

[Mount Weather, Sept. 18, 1913.] 

Observations made at the Mount Weather Observatorj' indicate 
that the polarization of skylight has undergone a decided change 
during the summer of 1913. 

As shown in Tables 1 and 2/ the solar and the antisolar distances 
of the neutral points of Babinet and Arago, respectively, have 
increased markedly with the sun below the horizon, while changing 
but little with the sun above the horizon. 

At the same time the increase in the polarization of skylight after 
sunset, at solar distance 90^ and in the sun's vertical, which was so 
pronounced in 1902-3, and was also noticeable during the early 
months of the present year, has become quite insignificant, as is 
shown by the data in Table 3. 

With the sun at zenith distance 60°, there has been a marked 
increase in the polarization of skylight at the point above designated, 
the average polarization for August, 1913, being 49 per cent, as com- 
pared with 32 percent for August, 1912, and 44 percent for July, 1913. 

With the sun at this same zenith distance the intensitv of direct 
solar radiation, which averaged about 10 per cent below the normal 
during the first seven months of 1913, was nearly up to its normal 
value in August. 

It seems probable that these various changes are associated with 
the gradual precipitation from the atmosphere of the volcanic dust 
which has been present in its upper layers since the eruption of 
Katmai Volcano in June, 1912. 

Table 1.— Solar distance of BdbineVs neutral point. 



Altitude 
of sun. 


May-June, 
1911. 


Aug., 1911- 
.Tune 8, 1912. 


1 

June 10, 

1912-June, 

1913. 


Aug .-Sept., 
1913. 


e 

+2.0 

1.5 

1.0 

+0.5 

±0.0 

-0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

3.5 

4.0 

4.5 

5.0 

5.5 

6.0 

fi.5 

-7.0 




27.3 
25.7 
















17.4 
16.8 
16.5 
17.2 
17.5 
17.5 
17.4 
17.3 
17.3 


15.8 
15.4 
15.5 
16.1 
15.7 
15.6 
16.7 
15.6 
16.1 
16.2 
16.4 
16.3 
16.5 
16.4 


23.7 
19.6 
19.9 
19.6 
18.8 
18.2 
17.5 
17.6 
17.2 
16.9 
16.2 
15.7 
15.8 
15.4 
15.4 
15.5 




21.2 
19.7 
19.4 
20.0 
19.7 
20.0 
20.6 
20.6 
20.4 
20.0 
19.1 
18.6 
17.7 
17.7 
18.2 





















> A recent test of the graduated circle on the polarisoope used at Mount Weather showed that its sexp 
was displaced so that all readings made previously were 1.3 degrees too high. The data for Mount Weather 
in Tables 5 and 6, p. 312, vol. 5, of this bulletin, are hereby corrected. 

38 



KIMBAIiL — ^A OHANQB IN SKTLiaHT P0I<A£IZATION. 



39 



Table 2. — Antisolar distance of Arago*8 neutral point. 



Altitude 
of sun. 

1 


May, 1911- 
June, 1912. 


July 27, 
1912. 


Sept., 1912- 
June, 1913. 


Aug.- , 
Sept., 1913. , 


,.;... i 


1 


2.5.8 
26.1 
26.8 
26.7 
27.3 
27.0 




12 1 


» 




11 








10 
















9.0 








8.5 








8.0.... 






24.1 
24.2 
24.3 
24.4 
24.4 
24.7 
24.6 
24.3 
24.2 
24.4 
24.4 
23.8 
23.5 
23.4 
23.2 
22.4 
21.7 
20.6 
19.7 
20.2 
20.9 
21.4 
21.6 
21.4 
21.6 
21.2 
21.7 
23.3 
23.9 
24.2 


7.5 




1 


24.6 
25.3 
25.8 
26.8 
26.4 
25.7 
25.6 
25.8 
25. 4 
25.4 
25.1 
24.6 
23.8 
23.3 
22.2 
21.1 
19.5 
18.0 
17.0 
17.1 
17.0 
16.7 
16.5 
17.6 
18.7 
18.9 
20.6 


7.0 






6.5.... 




6.0... . 

5.5.... 

5.0 

4.5.... 

4,0 

3. 5. . . . 

3.O.... 

2.6.... 

2.O.... 

1.6.... 

1.0.... 
+ 0.5. ... 
± 0.0... . 

— 0.5 

— 1.0 

— 1.5.... 

— 2.O.... 
-2.5.... 
-3.O.... 

— 3.5.... 

— 4.O.... 


19.7 
20.3 
20.1 
20.1 
19.6 
18.8 
18.7 
18.5 
18.6 
18.6 
18.4 
18.3 
17.8 
17.8 
17.8 
17.0 
16.3 
16.3 
17.4 
17.5 





















21.7 
21.7 
19.8 
18.6 
16.5 
14.8 
14.5 
14.1 
13.7 
».6 
13.8 
14.8 
15.5 
18.1 


— 4.5 . . 




— 5.0 








— 6.0 






— 6.5 

















Table 3. — Polarization of skylight after sunset, at solar distance 90° and in the sun*s 

vertical. 



■ 


Ashe- 
vUle, 
N. C, 
Dec., 
1902- 
Feb., 
19a3. 


WasbinR- 

ton,D.C., 

Nov. 20, 

IMO. 




Mount Weather, Va., 1013. 




Time after sunset, mlauoes. 


Blar. 18. 


Apr. 19. 


Apr. 20. 


.KuR. 25. 


Sept. 9. 





36.6 


74.9 


52.9 
59.8 


48.5 

50.6 

54.3 

, 56.7. 

' 60.7 

62.9 

(M.7 

1 6C.9 

1 64.7 

1 64.5 

, 64.3 

64,3 


41.8 
46.2 


66.2 
57.3 
58.4 
60.2 
61.2 
59.6 


59.0 


2 






4 




74.1 


62.8 


6 






62.8 
68.8 


49.6 
52.3 
57.4 
62.0 
65.4 
66.7 

66.8" 

67.4 


04.0 


S 




73.7 


65.6 


10 


52.7 




12 




67.7 
70.9 


63.2 


14 






61.1 
60.4 
59.2 


59.7 


16 








18 








57.6 


20 


5S.8 








22 




'/[['. 








24 


( 








26 








67. « 






28 












29 


GO. 9 




1 












1 









4. FREE-AIR DATA AT MOUNT WEATHER, VA., FOR 
JANUARY, FEBRUARY, AND MARCH, 1913. 

By the Aerial Section, \Vm. R. Blair, in charge. 

During this period 31 free-air observations were made, all by 
means of kites. Observations were made on every occasion that 
gave promise of a 24 or more hour series and on " international" 
days. On some occasions only one kite flight was possible, on others 
more. The mean of the highest altitudes reached in these flights is 
2,670 meters above sea level. 

Whenever three successive flights have been made, a chart of the 
free-air isotherms has been constructed. Two partial and two more 
complete series have been charted. Continuing the numbering of 
figures from the discussion of the last three months' data, figures 56 
and 57 show the free-air isotherms observed January 17 and January 
18, respectively. Figure 58 shows the free-air isotherms observed 
February 4 and 5, while in figures 59, 60, 61, and 62 the temperature, 
absolute humidity, wind direction and velocity, and the atmospheric 
electric potentials at levels 500 meters apart are charted. Figure 59 
seems to show, in addition to the duirnal variation of temperature, 
fluctuations in this element with surface air pressure, which have 
taken place within the 24-hour period and for which satisfactory 
correction can not easily be made. Figures 59 to 62, therefore, 
show actual observations. 

Figure 63 shows the free-air isotherms based upon observations 
made February 12 and 13. Figures 64 to 67 show the temperature, 
absolute humidity, wind direction and velocity, and the atmospheric 
electric potentials respectively at the different levels. This series 
did not extend beyond the 24 hours and no adequate correction for 
the 24-hour change can therefore be made. The data in these fig- 
ures are, consequently, neither corrected nor smoothed. 

The winter observations show a much smaller diurnal range of 
temperature than do those of other seasons. This smaller range 
together with the temperature effects accompanying the more rapid 
oscillation of the surface air pressure makes it more difficult to isolate 
the purely diurnal variation in temperature. It will be necessary 
therefore to rely on many observations made in this season or to 
study more carefully the relation between free-air temperature and 
surface ah* pressure. Series of observations extending over 24 or 
more hours are apparently hard to get in the winter season. The 
wind changes accompanying the passage of high and low pressure 
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areas are in most cases so frequent as to interrupt the series, though 
excellent opportunities for shorter series or for individual observa- 
tions are frequent. The collection of sufficient winter data in com- 
plete series may therefore occupy several years. In the meantime 
a study of the relation between free-air temperature and surface 
pressure changes \s in progress. 

Immediately following, the separate observations of temperature, 
humidity, wind, and atmospheric electric potential are tabulated, 
together with notes on weather conditions. These tables and notes 
will be found of interest in any detailed study of the data charted. 
It may be noted, for example, that the base of the inversion of tem- 
perature observed in the early part of the February 12 and 13 series 
is conincident with the base of the St.-Cu. layer. 

Results of free air observations. ' 





On Mount Weather, Va., 


526 m. 




At dilTerent heights above sea. 




Date and hour. 


Pres- 
sure. 


Tem- 
pera- 
ture. 


Rel. 
hum. 


W 


ind. 


Height 


Pres- 
sure. 


Tem- 
pera- 
ture. 


Humidity. 


Wind. 

1 


P.D. 

kite 








find 








Dir. 


Vel. 




- — 


Rel. 


Abs. 


Dir. 


Vel. 


earth. 


Jan. 17, 1913: 




' 












Firgt flight— 


mm. 


C. 


50 ssw. 


m. p. 8, 
5.4 


m. 


mm. 


C. 


% 


glcu.m. 




m.p.«. 


Volti. 


10.39 a. m. . 


718.0 


14.5 


526 


718.0 


14.5 


Sq 


6.2 


ssw. 




10.51 a. m. . 


718.0 


14.2 


66 ssw. 


4.9 


1,080 


672.3 


13.3 


64 


6.2 


w. 


16! 7 


"■"6 


10.56 a.m.. 


718.0 


13.6 


61 ssw. 


4.9 


1.264 


657.9 


11.6 


62 


6.4 


w. 


19.8 


170 


10.57 a.m. 


718.0 


13.8 


60 ssw. 


4.9 


1,632 


629.8 


12.7 


47 


5.2 


w. 


21.7 


170 


11.01a.m. 


718.0 


14.5 


54 ssw. 


5.4 


1,730 


622.5 


12.4 


39 


4.2 


w. 


21.7 


170 


11.18 a.m.. 


717.8 


14.7 


52 ssw. 


5.8 


2.566 


562.7 


5.6 


60 


4.2 


wsw. 


21.1 


690 


11.43 a.m. 


717.6 


13.7 


61 ssw. 


6.3 


3.367 


509.2 


-2.6 


84 


3.3 


wsw. 


21.9 


980 


12.09 p.m.. 


717.4 


14.3 


60 ,ssw. 


6.3 


2. 815 


544.7 


2.0 


71 


3.9 


wsw. 


22.6 


700 


12.21 p.m.. 


717.4 


14.7 


62 ssw. 


5.8 


2,581 


560.8 


4.3 


59 


3.8 


wsw. 


23.6 


640 


12.40 p.m.. 


717.2 


14.5 


66 s. 


4.5 


1.864 


611.6 


10.5 


42 


4.0 


w. 


23.0 


310 


12.51 p.m.. 


717.2 


15.0 


67 Is. 


4.0 


1,619 


629.8 


10.5 


69 


6.6 


w. 


17.7 


200 


1.02 p.m.. 


717.1 


15.2 


58 |S. 


4.5 


1,070 


6?2.3 


11.9 


60 


6.3 


wsw. 


12.4 





1.07 p.m.. 
Second fiight— 


717.1 


15.4 


58 s. 


4.5 


526 


717.1 


15.4 


58 


7.6 


s. 


4.6 




























1.43 p.m.. 


716.9 


15.6 


61 |ssw. 


4.5 


526 


716.9 


15.6 


61 


8.0 


ssw. 


4.6 




1.59 p.m.. 


716.8 


15.9 


67 |Ssw. 


4.9 


1,015 


676.7 


12.8 


58 


6.4 


wsw. 


12.4 


6 


2.17 p.m.. 


716.8 


16.6 


63 ssw. 


4.0 


1.717 


622.0 


8.0 


80 


6.6 


w. 


18.0 


260 


2.23 p.m.. 


716.8 


15.8 


61 .ssw. 


7.2 


1,939 


605.6 


7.9 


73 


6.0 


wsw. 


21.1 


400 


2.24 p.m.. 


716.8 


15.9 


60 Issw. 


7.2 


2,086 


594.9 


7.3 


63 


4.9 


wsw. 


21.1 


490 


2.28 p.m.. 


716. 8 


16.0 


59 |SSW. 


7.2 


2.294 


580.2 


7.4 


49 


3.9 


wsw. 


27.3 


680 


2.33 p.m.. 


716.7 


15.8 


59 pSSW. 


6.3 


2.579 


560.3 


6.0 


47 


3.2 


wsw. 


22.3 


705 


2.50 p.m.. 


716.7 


15.8 


59 'ssw. 


6.7 


3.298 


512.2 


-1.2 


66 


2.5 


wsw. 


29.8 


1.1C6 


3.17 p.m.. 


716.8 


15.4 


65 issw. 


5.4 


2.617 


556.7 


3.6 


61 


3.1 


wsw. 


29.0 


640 


3.34 p.m.. 


716.8 


15.4 


66 ssw. 


6.3 


2.347 


575.6 


3.8 


71 


4.4 


wsw. 


22.8 


630 


3.38 p.m.. 


716.8 


15.4 


66 s. 


6.3 


2.229 


583.9 


4.6 


80 


5.2 


w. 


22.2 


480 


3.40 p.m.. 


716.8 


15.4 


66 s. 


6.3 


2.103 


593. 


4.3 


88 


6.7 


w. 


20.9 


430 


3.51p.m.. 


716.9 


15.4 


66 Is. 


5.8 


1.495 


638.6 


7.8 


81 


6.6 


w. 


10.8 





4.06 p.m.. 


716.9 


15.2 


66 |Ssw. 


6.7 


916 


684.6 


12.0 


64 


6.8 


sw. 


10.5 





4.12 p.m.. 


716.9 


15.2 


64 ssw. 


6.7 


626 


716.0 


15.2 


64 


8.2 


ssw. 

i 


6.7 






January 17, 191S. — First flight: Four kites were used; lifting surface, 25.2 sq. m. 
Wire out, 5,000 m.; at maximum altitude, 4,950 m. 

Ci.-St., from the west-southwest, and St.-Cu., from the south -south west, covered 
the sky. 

At 8 a. m. pressure was high (772 mm.) off the middle Atlantic coast. Low pressure 
(742 mm.) was central over Lake Superior. 

Second flight: Four kites were used; lifting surface, 25.2 sq. m. Wire out, 4,500 m., 
at maximum altitude. 

The sky was covered with A.-St., from the west-south west, and St. Cu. from the 
west. 



42 



BULLETIN OF THB MOUNT WEATHER OBSEBYATOBY. 



RestUts of free cdr observations. 



Date and hour. 



m. 
m. 
m. 
m. 



Jan. 17, 1913: 
Third flight— 
4.46 p.m.. 
4.57 p 
5.20 p 
5.32 p 
5.59 p 
6.53 p. m. 
7.07 p. m. 
7.16 p. m. 
Jan. 18, 1913: 
Firtl flight— 
7.53 a. m. 
7.59 a. m. 
8.16 a. m. 
8.24 a. m. 
8.36 a.m. 
8.41 a. m. 

8.51 a. m. 

8.52 a. m. 
9.03 a. m. 
9.10 a. m. 
9.12 a. m. 
9.24 a. m. 
9.44 a. m. 

10.00 a. m. 
10.06 a. m. 
10 08 a.m. 
Second flighl 

10.39 a. m . 

10.40 a. m. 
10.44 a. m . 
Il.a3a. m. 
11.12 a.m. 
11.27 a.m. 
11.39 a.m. 

11.51 a.m. 
12.10 p.m. 
12.22 p.m. 
12.44 p.m. 

12.52 p.m. 



On Mount Weather, Va., 526 m. 



Pres- 
sure. 



nin. 
717.0 
717.0 
716.9 
716.9 
716.8 
717.2 
717.2 
717.3 



714.2 
714.2 
714.1 
714.0 
713.9 
713.9 
Y13.8 
713.8 
713.7 
713.7 
713.7 
713.7 
713.7 
713.7 
713.7 
713.6 

n3.4 
713.4 
713. 3 
713.2 
7n.2 
713.1 
713.1 
713.0 
712. S 
712.7 
712.3 
712.2 



P*"*" hum. 
ture. """*• 



C. 
14.6 ' 
14.8 
14.8 
14.6 
14.6 ' 
14.5 , 
14.4 
14.3 



11.8 
10.3 
10.2 
10.2 

ia6 

10.8 
10.5 
10.5 
10.2 
10.5 
10.6 
11.2 
11.5 
11.1 
11.2 
11.3 

11.2 
11.2 
11.2 
1 1. () 
II. 
11.6 
11.8 
11.6 
11.7 
11.8 
12.2 
12.4 




80 
89 
87 
87 
85 
85 
86 
86 
88 
87 
86 
82 
79 
84 
82 
82 

85 
85 
85 
84 
82 
84 
82 
82 
82 
82 
82 
80 



ssw. 

s. 

s. 

s. 

s. 

ssw. 

ssw. 

ssw. 

ssw. 

S.SW. 

ssw. 

SSW. 

s. 
s. 

ssw. 
ssw. 

ssw. 
ssw. 
ssw. 
ssw. 
ssw . 
.ssw. 
ssw. 
ssw. 
ssw. 
ssw. 
.ssw. 
ssw. 



4.5 
3.6 
5.4 
5.8 
6.3 
5.8 
5.4 
5.4 



5. 
4. 
4. 
5. 
6. 



6.3 
4.9 
4.9 

6.3 
6.3 
6.3 
6.3 
G.3 
7.B 
7.6 
7.2 
6.3 
5.4 
5.4 
5.8 



At different heights above sea. 



Pres- 
sure. 



Tem- 
pera- 
ture. 



I 



m. 

526 

833 

1,123 

1.389 

1,749 

2,134 

1,262 

526 



526 
768 
1.060 
1.618 , 
2,158 
2,537 ! 
2.878 I 
3,066 I 
3.328 , 
3.060 I 
3.005 
2.636 
1.638 
1,032 
739 
526 

526 

728 

995 

1,720 

2, 6 IS 

2,987 

2,6H 

2,333 

1,905 

1,590 

982 

526 



wm. 

717.0 
691.5 
668.0 
647.1 
619.4 
590.4 
656.5 
717.3 



714.2 
693.8 
669.9 
626.3 
586.2 
559.0 
535.5 
523.0 
505.4 
523.0 
526.5 
551.8 
624.4 
671.8 
696.8 
713.6 

713.4 
696.4 
G74.5 
018.0 
560.0 
527. H 
.'>52.8 
572. f. 
('103.4 
ra7.1 
074.5 
712.2 



r. 

14.6 

14.3 

11.2 

8.9 

5.6 

2.1 

5.3 

14.3 



11.8 

12.1 

11.5 

6.2 

1.9 

- 1.1 

- 4.0 

- 3.6 

- 6.2 

- 4.2 

- 5.1 
■ 2.2 

5.8 
10.0 
12.1 
11.3 

11.2 
2 

6 
2 



12. 

11. 
0. 
1.0 
4.3 



2 



4 

5 
10.0 
12.4 



Humidity. 



Rel. 



Abs. 



62 
65 
77 
93 
94 
87 
65 



glcu.m. 
7.8 
7.6 
I 6.5 
' 6.7 
6.5 
5.2 
6.0 
7.9 



80 

65 

65 

76 

84 

84 

86 

76 

80 

76 

89; 

87 

76 ' 

69 i 

67 I 

82 



8.4 
6.9 
6.7 



Wind. 



Dir. 



P.D. 
kite 

and 
Vel. earth. 



fit 



ssw. 

sw. 

wsw. 

wsw. 

wsw. 

wsw. 

wnw. 

nw. 



0. «. 

4.9 

8.3 

10.6 
9.9 
8.2 

10.7 
8.6 
3.1 



VoUa. 



170 






5. 
4. 

3. 
3. 



2.8 
2.4 
2.6 



2. 
3. 
5. 



85 
fi8 

82 
94 
88 I 
9*1 
96 ! 
84 : 
82 I 
75 
SO 



6.4 
7.1 
8.3 

8.6 
7.3 
6. 8 
f).0 



4. 
3. 



3.9 

4.8 



5. 
5. 

8. 



ssw. 

w. 

w. 

w. 

w. 

w. 

wsw. 

wsw. 

wsw. 

wsw. 

wsw. 

wsw. 

w. 

wsw. 

w. 

ssw. 

ssw. 

ssw. 

wsw. 

wsw. 

wsw. 

wsw. 

wsw. 

w. 

w. 

w. 

wsw. 

ssw. 



4.5 




11.3 





9.6 





14.9 





15.5 


260 


2a5 


260 




490 




620 


21.6 






570 




530 


21.5 


380 


16.1 





13.6 





11.8 






I 



4.9 
6.3 



13.2 
K« 
21.9 
27 
24 
24 
29.0 
24.8 
19.2 
5.8 



.. 



540 








Third flight: Four kites were used; lifting surface, 25.2 sq. m. Wire out, 3,900 m.; 
at maximum altitude, 2,500 m. 

There were 10/10 St.-Cu. from the west. After 7.10 p. m. there were occasional 
sprinkles of rain. 

January 18, 1913- First flight: Four kites were used; lifting surface, 25.2 sq. m. 
Wire out, 4,500 m.; at maximum altitude, 4,300 m. 

There were 10/10 A.-St. and St.-Cu. from the west -south west. 

Low pressure (755 mm.) was central over Lake Erie and high pressure (773 mm.) 
was central over the Bermudas. 

Second flijht: Three kites were used; lifting surface, 18.9 sq. m. Wire out, 4,000 
m., at maximum altitude. 

There were 10/10 A.-St. and St.-Cu. from the west-southwest. The head kite was 
in St.-Cu. at 11.13 and 11.39 a. m., altitude 2,500 m. Light rain fell from 11.50 a. m. 
to 12.28 p. m. 
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Date And bour. 



TkiriflHh 



lJS?.m: 








































































































































0-S6e.m.. 


TICS 


^l.R 




















































'"* 





On UouDt We>tha,Va.,G18 m. 






^I dlflsreBt height! Bbert » 



If 

8.0 
•.4 

1 

g.e 

90.1 
3.4 

is 

4.2 
4.3 

<kG 

l-B 
S.S 


6 

MO 

I,1HI 

ill 

i;480 
'SBO 



Third flight: Two kites were used; lifting eurface, 11.6 eq. m. Wire out, 1,600 m., 
at maximum altitude. 

Before 1,50 p. m,, there were 1^0 A.-8t. and 9/10 8t.-Cu. from the weet-aouthweet; 
thereafter theie were 10^0 to S/10 St.-Cu. from the weat. There waa light rain 
from 1.52 to 2.10 p. m. The head kite was at the baae of 8t.<Cu. at 1.49 p. m., alti- 
tude, 1,600 m. 

Fotaihfiighi: Fourtdtee were used; lifting aurface, 24.2 sq. m. Wire out, 3,700 m,; 
at maximum altitude, 3,500m. 

There were 7/10 A.-St., Ci.-St, and St.-Cu. from the weat before 3 p. m.; there- 
after there were 8/10 to 4/10 St.-Cu. from the west. The head kite was in St.-Cu. at 
3.37 p. m., altitude about 2,000 m. There was light rain from 3.18 to 3.25 p. m. 

Ftbruary 4, 191S. — Firit flight: Four kites were used; lifting surface, 25,2 sq. m. 
Wire out, 5,000 m.; at maximum altitude, 4,800 m. 

Ci., from the west, decreased from 5/10 to 3/10. 

At 8 a. m., high preeeuie (781 mm.), central over eastern Montana, dominated 
conditions to the middle and Bouthem Atlantic coasts. Low preesure (747 mm.) 
was central over Newfoundland. 
1161&-13 2 
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BULLETIN OF THE MOTJlirT WEATHER OBSEBVATOBT. 



Results of free air observaHons, 





OnM< 

Pres- 
sure. 


>ttXlt\l 

Tem- 
pera- 
ture. 


reatha 


•,Va.J 


626 m. 
ind. 




A1 


r diflerei 

Tem- 
pera- 
ture. 


Bt beigbts above sea 


k. 




Di^te and boor. 


Rel. 
hum. 


W] 


IYaIoIi* 


Pres- 
sure. 


Htimidity. 


Wind. 


P.D. 
kite 






txeigni 






and 








Dir. 


Vel. 







Rel. 


Abs. 


Dir. 


Vel. 


earth. 


Feb. 4, 1913: 












aetmtdfUgkt- 


mm. 


C. 


% 




"•£•«• 


m. fnyn. 


C. 


% 


gfcu.m. 




m.p. «. 
8.9 


Volt*. 


1.43p.m.. 


715.0 


0.1 


55 


wnw. 


526 715.0 


0.1 


65 


2.7 


wnw. 





1.58 p.m.. 


714.8 


0.0 


57 wnw. 


9.8 


941 678.8 


- 0.2 


55 


2.6 


wnw. 


13.0 





2.20 p.m.. 


714.8 


0.0 


47 


wnw. 


10.3 


1,608 


623.9 


- 6.1 


47 


1.4 


vmw. 


20.5 


415 


2.22 p. m. . 


714.8 


0.0 


46 


wnw. 


11.6 


1,717 


615.4 


- 5.1 


47 


1.5 


wnw. 


25.9 


540 


2.26 p.m. . 


714.8 


0.0 


47 |Wnw. 


12.1 


1,874 


603.1 


- 5.0 


47 


1.5 


wnw. 


26.8 


770 


2.39 p.m. . 


714.8 


0.2 


52 wnw. 


8.9 


2,278 


673.0 


- 5.5 


45 


1.4 Inw. 


22.9 


1,170 


2.51 p. m. . 


714.8 


0.1 


44 wnw. 


10.3 


2,607 543.0 


-8.9 


44 


1.0 nw. 


24.2 


1,410 


2.54 p.m.. 


714.8 


0.0 


46 wnw. 


8.9 


2,919 


627.7 


-9.5 


4) 


1.0 Inw. 


26.9 


1,540 


2.55 p.m.. 


714.8 


0.0 


46 wnw. 


8.9 


3,015 


521.1 


-9.1 


43 


1.0 !nw. 


30.6 


1,600 


2.57 p.m.. 


714.8 


-0.1 


48 iwnw. 


8.9 


3,157 


511.8 


- 9.1 


44 


1.0 


wnw. 


31.9 


1,685 


2.58 p.m.. 


714.8 


-0.1 


48 wnw. 


8.9 


3,218 507.1 


- 9.5 


45 


1.0 


wnw. 


31.9 




3.01 p. m. . 


714.8 


-0.2 


50 


wnw. 


9.4 


3,070 ' 616.5 


- 9.3 


44 


1.0 


wnw. 


29.8 


'i,'685 


3.02p.m. . 


714.8 


-0.2 


50 


wnw. 


9.1 


2,959 


523.8 


-10.7 


43 


0.9 


wnw. 





1,685 


3.17 p. m. . 


714.8 


-0.4 


52 


wnw. 


10.3 


2,931 


625.7 


-10.1 


40 


0.9 


wnw. 


29.2 


1,670 


3.20 p.m.. 


714.8 


-0.4 


52 


wnw. 


11.2 


2,902 


627.7 


- 9.1 


40 


0.9 


wnw. 


29.2 


1,650 


3.27 p.m.. 


714.8 


-0.5 


53 


wnw. 


10.7 


2,859 


530.5 


- 9.1 


40 


0.9 


nw. 


27.9 


1,620 


3.30 p. m.. 


714.8 


-0.5 


53 


wnw. 


10.7 


2,792 


536.2 


-9.7 


40 


0.9 


nw. 


27.9 


1,560 


3.34 p.m.. 


714.9 


-0.6 


54 


wnw. 


10.3 


2,760 538.1 


- 9.2 


39 


0.9 nw. 


26.7 


1,530 


3.35 p.m. . 


714.9 


-0.6 


54 


wnw. 


9.8 


2,724 


640.0 


- 9.4 


38 


0.9 'nw. 


28.7 


1,505 


3.58 p. m. . 


714.9 


-0.8 


53 


wnw. 


8.9 


2,104 


584.9 


- 6.9 


38 


1.1 ,nw. 


27.6 


1,010 


4.04 p.m.. 


714.9 


-0.9 


52 wnw. 


8.0 


1,902 


600.1 


- 7.9 


40 


1.0 nw. 


27.3 


855 


4.06 p. m.. 


714.9 


-0.9 


51 wnw. 


7.8 


1,837 


606.1 


- 7.3 


42 


1.1 


nw. 


27.3 


805 


4.17 p.m.. 


715.0 


-0.9 


48 ,wnw. 


7.8 


1,673 


626.1 


-6.8 


44 


1.2 


nw. 


22.9 


615 


4.19 p.m.. 


715.0 


-0.9 


48 ;wnw. 


7.8 


1,519 


630.4 


-7.5 


45 


1.2 


nw. 


20.5 


580 


4.28 p.m. . 


715.1 


-0.9 


47 wnw. 


7.2 


983 


675.1 


- 4.6 


46 


1.5 


wnw. 


13.6 





4:40 p.m.. 
ThirdJU^ht— 


715.2 


-1.1 


45 wnw. 


5.8 


526 


715.2 


- 1.1 


46 


2.0 wnw. 


5.8 








1 


















5.20 p.m... 


715.3 


-1.6 


48 'wnw. 


4.0 


528 


715.3 


-1.6 


48 


2.0 wnw. 


4.0 




5.35 p.m... 


715.3 


-1.6 


4S ;wnw. 


4.5 


1,002 


673.7 


- 3.1 


50 


1.9 wnw. 


12.1 


6 


5.50 p.m... 


715.3 


-1.8 


47 


wnw. 


4.9 


1,357 


644.1 


- 5.5 


51 


1.6 w. 


12.4 


330 


6.02 p.m... 


715.3 


-2.1 


49 


wnw. 


4.9 


1,692 


616.9 


-7.4 


54 


1.4 wnw. 


16.7 


540 


6.30 p.m... 


715.4 


1-2.2 


55 


wnw. 


5.4 


2,455 


559.2 


- 9.9 


48 


1.0 iwnw. 




1,390 


6.40 p.m... 


715.4 


-2.5 


57 


wnw. 


4.2 


3,095 


517.3 


- 9.1 


48 


1. 1 wnw. 




i;890 


6.57 p.m... 


715.5 


-2.5 


56 


wnw. 


6.3 


3,199 


508.0 


- 9.9 


52 


1.1 wnw. 




2,040 


7.22 p.m... 


715.5 


—2.6 


57 


wnw. 


8.5 


2,875 


529.6 


- 9.1 


52 


1.2 wnw. 




1,780 


7.25 p.m... 


715.6 


-2.6 


67 


wnw. 


8.5 


2,832 


632.4 


- 9.3 


52 


1.2 wnw. 


••••••• 


1,740 


7.31p.m... 


715.4 


-2.6 


58 wnw. 


8.5 


2,591 


549.1 


- 8.6 


53 


1.3 wnw. 




1,545 


7.34 p.m... 


715.4 


-2.6 


58 wnw. 


10.3 


2,549 


554.1 


- 9.0 


53 


1.2 


wnw. 




1,510 


7.46 p.m... 


715.4 


-2.6 


58 iwnw. 


11.6 


2,219 


576.2 


- 9.3 


44 


1.0 


wnw. 


"23.6* 


1,260 


7.55 p.m... 


716.4 


-2.7 


56 


wnw. 


9.8 


1,756 


611.6 


- 7.9 


4H 


1.2 


wnw. 


21.7 


770 


7.58 p.m... 


715.4 


-2.7 


56 


wnw. 


9.8 


1,621 


622.3 


- 8.2 


50 


1.2 


wnw. 


20.5 


615 


8.19 p.m... 


715.3 


-2.8 


57 


w. 


10.7 


999 


673.7 


- 5.1 


54 


1.7 


w. 


18.0 





8.25 p.m... 


715.2 


;-2.7 

1 


56 


w. 


10.7 

1 


526 


715.2 


-2.7 


56 


, 2.2 

1 


w. 


10.7 





Second flight: Three kites were used; lifting surface, 18.9 sq. m. Wire out, 4,500 
m.; at maximum altitude, 4,250 m. 

A.-Cu. and St.-Ou., from the west, increased from 2/10 to 5/10 before 3.45 p. m.; 
thereafter the St.-Cu. disappeared. At the end of the flight there were 3/10 A.-Cu. 

Third flight: Four kites were used; lifting surface, 25.2 sq. m. Wire out, 4,500 m.; 
at maximum altitude, 4,450 m. 

1/10 A.-Ou., from the west, disappeared before 6.45 p. m.; thereafter the sky was 
cloudless. 



BLAIB — FBBE-AIB DATA. 
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RettUts o/Jree air observaiions. 





On Mount Weather, Va., 


526 m. 




At different heights above sea. 




Date and hour. 


Pres- 


Tem- 


1 

W 

Rel. 1 
hum. 


ind. 


Height 


Pres- 


Tem- 


Humidity. Whid. 

1 

1 


P.D. 

kite 




sure, f.^^ 


sure, ^^r 




1 




and 






buru. 


— - 


Dir. 


Vel. 






i>urc. 


Rel. 


Aba. 


1 Dir. 


Vol. 


earth. 


Eeb. i, 1913: 




















Fourthflight- 


tnitt. 


c. 


\ ,.w. 


m. p. 9. 
11.2 


m. 


mm. 


c. 


% 


gj€u.m.^ 


m.p.t. 
11.2 


Voltt. 


9.08 p.m.. 


715.0 :-2.S 


626 


715.0 


-2.8 


2.2 ,wnw. 




9.12 p.m.. 


715.0 


-3.0 


57 wnw. 


8.9 


1,086 


666.1 


- 4.8 


54 


1.8 wnw. 


16.7 


6 


9.25 p.m.. 


715.0 


-3.1 


57 w. 


8.5 


1,768 


611.4 


-7.8 


54 


1.4 w. 


19.8 


960 


9.30 p.m.. 


715.0 ,-3.2 


58 w. 


7.6 


1,994 


593.1 


- 8.6 


52 


1.3 w. 


'21.7 


1,220 


9.Slp.m.. 


715.0 ,-3.3 


1 59 >w. 


7.6 


2,048 


589.0 


-7.8 


52 


1.3 w. 


20.5 


1,290 


9^ p. m. . 


715.0 


-3.4 


1 80 w. 


5.4 


2,274 


572.1 


-8.7 


52 


1.2 w. 


18.6 


1,650 


9^ p.m.. 


715.0 


-3.4 


60 w. 


7.6 


2,650 


562.0 


- 8.6 


52 


1.3 w. 


24.2 


1,630 


9.41p.m.. 


715.0 


-3.4 


60 w. 


7.6 


2,690 


642.1 


- 9.3 


62 


1.2 ,w. 


26.8 


1,740 


9.43 p.m.. 


715.0 


-3.4 


60 


w. 


7.6 


2,801 


534.3 


- 9.6 


52 


1.2 


w. 


26.8 


1,870 


9.45 p.m.. 


715.0 


-3.4 


60 


w. 


7.6 


2,885 


528.6 


-10.1 


64 


1.2 


w. 


26.8 


1,960 


9.49 p.m.. 


715.0 


-3.4 


60 w. 


6.9 


3,080 


515.4 


-10.0 


54 


1.2 w. 




2,190 


9.65 p.m.. 


715.0 


-3.4 


60 


w. 


6.3 


3,468 


489.2 


-14.0 


66 


0.8 w. 




2,655 


10.15 p.m.. 


715.0 


-3.3 


58 


w. 


5.1 


3,266 


602.3 


-13.6 


57 


0.9 w. 




2,320 


10.38 p.m.. 


716.0 


-3.3 


68 w. 


7.6 


2,809 


532.3 


-11.7 


59 


1.1 


wnw. 




1,760 


10.42 p.m.. 


716.0 


-3.3 


58 


w. 


7.6 


2,728 


638.0 


-12.2 


69 


1.0 


wnw. 




1,685 


10.44 p.m.. 


715.0 


-3.2 


57 


w. 


8.0 


2,684 


541.1 


-11.8 


69 


1.1 wnw. 




1,670 


10.53 p.m.. 


715.0 


-3.2 


57 ,w. 


9.4 


2,476 


556.0 


-11.2 


59 


1.1 |Wnw. 


"oa'.o 


1,600 


10.66 p.m.. 


715.0 


-3.2 


57 iw. 


9.4 


2,391 


562.1 


-12.2 


59 


1.0 Iwnw. 


23.0 


1,430 


10.58 p.m.. 


715.0 


-3.2 


57 w. 


9.4 


2,250 


572.1 


-11.6 


59 


1.1 w. 


23.0 


1,320 


11.00 p.m.. 


715.0 


-3.2 


57 ,w. 


9.8 


2,139 


581.0 


-11.8 


58 


1.1 w. 


23.3 


1,220 


11.08 p.m.. 


714.9 


-3.2 


56 'w. 


8.9 


1,784 


608.3 


-10.1 


56 


1.2 -w. 


24.2 


1,015 


11.19 p.m.. 


714.9 


-3.1 


55 w. 


9.8 


1,619 


629.7 


-10.2 


56 


1.2 w. 


20.7 


640 


11.33 p.m.. 


714.8 


-3.0 


48 w. 


9.4 


1,063 


66R.6 


- 6.8 


57 


1.6 w. 


16.1 





11.42 p.m.. 


714.7 


-3.3 


54 w. 


9.8 


526 


714.7 


- 3.3 


54 


2.0 w. 


9.8 




Fifthmu- 




















1 






12.14 a. m.. 


714.5 


-3.1 


53 


w. 


10.7 


526 


714.5 


- 3.1 


53 


2.0 


w. 


10.7 




12.26 a.m.. 


714.4 


-3.2 


54 w. 


9.4 


1,071 


666.7 


-5.3 


63 


1.7 


w. 


15.5 


6 


12.45 a.m.. 


714.3 


-3.5 


54 


w. 


8.9 


1,667 


618.4 


- 8.8 


68 


1.4 


w. 


22.2 


920 


12.46 a. m. . 


714.3 


-3.6 


54 


w. 


8.9 


1,788 


607.9 


-8.5 


58 


1.4 


w. 


22.2 


1,100 


12.51a.m.. 


714.3 


-3.5 


54 w. 


8.9 


2,012 


690.6 


- 9.6 


68 


1.3 


w. 


22.8 


1,360 


12.54 a. m. . 


714.2 


-3.4 


54 *w. 


8.9 


2,141 


680.7 


- 9.1 


58 


1.3 


wnw. 


24.6 


1,620 


1.06 a.m.. 


714.2 


-3.8 


57 (w. 


7.2 


2,526 


652.6 


- 9.5 


50 


1.3 wnw. 


25.0 


2,240 


1.13 a.m.. 


714.2 


-4.0 


56 w. 


8.6 


2,928 


624.4 


-12.1 


61 


1.1 wnw. 


28.6 


3,620 


1.17 a.m.. 


714.2 


-4.0 


65 w. 


8.5 


3,064 


615.1 


-11.6 


59 


1.1 wnw. 


30.6 4,060 


1.22 a.m.. 


714.2 


-4.1 


54 


w. 


9.4 


3,101 


612.2 


-11.6 


50 


1.1 ,wnw. 


29.8 


4,200 


1.34 a.m.. 


714.1 


-4.0 


52 


w. 


10.7 


3,038 


516.0 


-11.9 


61 


1.1 wnw. 


29.0 


3,900 


1.46 a.m.. 


714.1 


-4.0 


51 w. 


11.2 


2,471 


556.6 


-10.7 


61 


1.2 iwnw. 


29.0 


2,420 


1.57 a.m.. 


714.1 


-4.1 


51 w. 


8.0 


2,372 


562.7 


-10.3 


61 


1.3 wnw. 


27.7 


2,150 


2.02 a. ro.. 


714.1 


-4.1 


SO ,w. 


8.7 


2,347 


664.6 


-11.2 


61 


1.2 wnw. 


26.5 


2,100 


2.18 a.m.. 


714.0 


-4.1 


55 w. 


10.3 


2,105 


682.6 


-11.6 


61 


1.2 ;wuw. 


28.8 


1,660 


2.36 a.m.. 


713.9 


-3.9 


53 w. 


11.2 


1,668 


617.4 


- 9.7 


66 


1.6 wnw. 


27.5 


1,280 


2.42 a.m.. 


713.9 


-3.9 


53 w. 


9.4 


1,501 


622.7 


-10.3 


68 


1.4 wnw. 


29.8 


1,310 


2.50 a.m.. 


713.8 


-4.1 


55 w. 


9.4 


1,459 


633.4 


- 9.8 


69 


1.6 wnw. 


28.6 


1,000 


3.05 a.m.. 


713.8 


-4.0 


52 


w. 


11.2 


1,033 


609.1 


-7.3 


66 


1.7 wnw. 


24.2 


880 


3.14 a.m.. 


713.8 


-4.0 


52 


w. 


13.4 


626 


718.8 


- 4.0 


52 


1.8 


w. 


18.4 





Fourth JlighL' Four kites were used; lifting surface, 25.2 sq. m. Wire out, 5,000 m., 
at maximum altitude. 

The sky was cloudless. 

Fifth flight: Four kites were used; lifting surface, 26.2 sq. m. Wire out, 5,000 m. 
at maximum altitude. 

The sky was cloudless. 
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BULLETIN OF THE MOUNT WEATHER OBSEBYATOBY. 



RestjUU of free air obeervatUmi. 



Date 9wi boor. 



Feb. 4, 1913: 

3.46 a.m... 
3.66 a.m... 
4.04 a. m. . . 
4.10 a. m. . . 

4.14 a.m... 
4.16 a. m, . . 

4.16 a.m... 

4.37 a. m. . . 
4.43 a.m... 
4.66 a.m... 

5.04 a. m. . . 
5.06 a.m... 
5.11a.m... 
5.40 a.m... 
5.43 a. m. . . 
6.00 A. m... 

6.17 a.m... 
6.32 a.m... 

7.06 a.m... 

7.15 a.m... 
7.26 a.m... 
7.36 a. m... 
7.20 a.m... 
7.32 a.m... 
7.68 a.m... 
7.54 a.m... 
7.66 a.m... 
8.03 a.m... 
8.03 a.m... 

8.05 a.m... 

8.38 a. m. . . 
8.40 a.m... 
8.42 a.m... 
0.08 a.m... 
0.16 a.m... 
0.40 a.m... 
0.49 a.m... 



On Mount Weather, Va., 626 m. 



Pres- 
sure. 



nifii. 
713.6 
713.6 
713.6 
713.6 
713.6 
713.6 
713.5 
713.4 
713.4 
713.3 
713.3 
713.3 
713.3 
713.4 
713.4 
713.4 
713.6 
713.6 

713.8 
714.0 
714.1 
714.1 
714.2 
714.2 
714.6 
714.6 
714.6 
714.6 
714.6 
714.6 
714.9 
714.0 
716.0 
715.1 
716.1 
716.1 
716.1 



Tem- 
pera- 
ture. 



€. 
-4.0 
-4.3 
-4.1 
-4.4 
-4.3 
-4.3 
-4.3 
-4.3 
-4.4 
-4.6 
-4.6 
-4.6 
-4.6 
-6.1 
-5,1 
-6.3 
-5.1 
■6.3 

-6.6 
-6.8 
-5.9 
-5.9 
-5.8 
-6.9 
-6.4 
-6.6 
-6.6 
-6.6 
-6.6 
-6.6 
-6.3 
-6.3 
-6.3 
-6.8 
-6.2 
-5.4 
-6.2 



Rel. 
hum. 



\ 

64 
56 

68 
67 
66 
66 
57 
58 
58 
60 
60 
61 
65 
65 
65 
62 
66 



Wind. 



Dir. 



w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 



60 wnw. 



Vel. 



62 
64 
64 
66 
68 
69 



wnw. I 

wnw. 

wnw. 

wnw. 

wnw. 

wnw. 
70 jwnw. 
70 :wnw. 

wnw. 

wnw. 

wnw. 

wnw. 

wnw. 

iwnw. 
64 wnw. 
67 wnw. 
66 wnw. 
66 Iwnw. 



73 
73 
74 
60 
68 
67 



vn. p. 9, 
13.9 
12.6 
13.4 
13.9 
14.3 
14.3 
14.3 
17.0 
18.8 
17.9 
18.8 
21.6 
19.7 
23.2 
17.9 
17.9 
23.2 
17.9 

16.1 

14.3 

11.6 

8.5 

8.9 

9.8 

10.7 

11.6 

11.6 

8.9 

8.9 

8.9 

10.7 

12.6 

12.5 

13.4 

13.4 

13.9 

13.0 



At different heights above 



Height 



m. 
626 
1,111 
1,638 
1,609 
1,765 
1,870 
1,806 
2,425 
2,675 
2,444 
2,280 
2,216 
2,016 
1,621 
1,669 
1,407 
936 
626 

636 
1,006 
1,656 
1,700 
1,777 
1,881 
2,360 
2,442 
2,595 
2,862 
2,668 
2,624 
2,393 
2,351 
2,335 
2,021 
1,585 
1,022 

626 



Pres- 


Tem- 


sure. 


pera- 
ture. 


mm. 


C. 


713.6 


- 4.0 


662.3 


- 6.6 


619.4 


-10.5 


614.0 


-10.1 


606.7 


-11.0 


600.4 


-11.6 


508.4 


-11.0 


668.3 


-11.7 


540.2 


-13.2 


656.3 


-12.3 


568.3 


-12.2 


573.3 


-12.6 


588.3 


-12.0 


619.4 


-10.6 


623.7 


-11.0 


636.8 


-11.2 


677.0 


- 8.1 


713.6 


- 6.3 


713.8 


- 6.6 


663.7 


- 8.7 


617.3 


-11.4 


613.0 


-12.7 


607.7 


-12.2 


599.4 


-12.9 


563.3 


-12.7 


657.3 


-13.3 


646.2 


-12.4 


527.5 


-12.8 


541.1 


-12.6 


644.2 


-12.8 


661.3 


-11.6 


564.3 


-11.8 


666.3 


-11.5 


589.3 


-11.7 


623.8 


-12.3 


671.1 


- 8.7 


716.1 


- 5.3 



Humidity. 



Rel. Abs. 



\ 

61 
68 
70 
70 
70 
60 
64 
57 
64 
52 
53 
66 
55 
66 
63 
60 
66 

60 
66 
66 
68 
68 
68 
56 
63 
52 
49 
48 
47 
33 
33 
32 
31 
46 
66 
66 



1.9 
1.7 
1.4 
1.6 
1.4 
1.3 
1.4 
1.0 
0.9 
1.0 
0.9 
0.9 
1.0 
1.1 
1.1 
1.2 
1.5 
2.1 

1.0 
1.6 
1.3 



1.2 
1.1 
0.0 
0.9 
0.9 
0.8 
0.8 
0.8 
0.6 
0.6 
0.6 
0.6 
0.8 
1.3 
1.8 



Wind. 



Dir. 



w. 

wnw. 

wnw. 

wnw. 

wnw. 

wnw. 

wnw. 

wnw. 

wnw. 

wnw. 

wnw. 

wnw. 

wnw. 

wnw. 

wnw. 

wnw. 

wnw. 

w. 

wnw. 
wnw. 
wnw. 



Vel. 



m. 



.p. 9. 

13.9 

20.6 

24.2 

29.8 

29.9 

29.9 

29.9 

33.1 

31.0 



1.2 wnw. 



wnw. 
wnw. 
wnw. 
wnw. 
wnw. 
wnw. 
wnw. 
wnw. 
wnw. 
wnw. 
wnw. 
wnw. 
wnw. 
wnw. 



24.2 
17.0 

16.1 
24.3 
34.6 
36.0 
26.0 
36.2 



39.7 
33.3 
20.8 



13.0 



P.D. 
kite 
and 

earth. 



Foto. 



615 
1,736 
1,686 
1,940 
2,390 
2,620 
4,280 



3,630 
3,300 
3,260 
2,940 
2,290 
2,200 
1.800 
460 



755 
1,640 
1,640 
1,640 
1,810 
2,740 
2,860 
3,090 
3,460 
5,050 
6,000 
3,600 
3,230 
3,030 
3,130 
1,470 

435 



Sixth fiighU Three kites were used; lifting surface, 17.9 sq. m. Wire out, 5,000 
m., at maximum altitude. 

The sky was cloudless until 5.40 a. m., except at 3.55 a. m. when a few 8t.-Cu. 
were observed on the northeastern horizon. After 5.40 a. m. there were a few 
St.-Cu. from the west. 

Seventh flight: Four kites were used; lifting surface, 23.2 sq. m. Wire out, 5,000 m., 
at maximum altitude. 

St.-Cu., from the west-northwest, varied from a few to 2/10. 

At 8 a. m. high pressure (777 mm.) central over northwestern Montana dominated 
conditions east of the MisBissippi River. Low pressure (753 mm,) was central over 
the lower St. Lawrence Valley. 



BLAUt — FBEE-AIB DATA. 
SttviU nffrt* air ohurvaHotu. 
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Eighlhfiight: Four kitas were used; lifting suriace, 23.2 sq. m. Wire out, 6,000 m.; 
at maximum altitude. 

There were a few St.-Ou. from the weot-northweet. 

Ninth fiight: Two kites were uaed; lifting aur&Ke, 12.6 iq. m. Wire out, 1,300 m.; 
at Duuumum altitude, 1,200 m. 

The sky was cloudless. 

February 6, WIS.— Pint Jlight: Three kitea were used; lifting surface, 16.9 »q. m. 
Win out, 3,000 m,, at maTimiim altitude. 

Tbo aky waa cloudleea. 

At 8 a. m. high preemre (7S2 mm.), central over British Columbia, dominated cod* 
ditions east of the Miedseippi River. Pressure was low over Maine (7&S mm.) and 
over Newfoundland (748 mm.). 



BULLETIN OF THE MOUNT WEATHEE 0B8BBVAT0ET. 
Rttulu of fru ov o6*«ri>afum«. 



It Weather, Va.,53eu 
Wind. 



iGT' 






ia.lO>.m..l 11G.I 



"iS:; 



s:s;:im^ 
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"'Si 
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"fii 


IStlA 


- 6,0 






Ml"? 


-114 


5818 
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AlDd. 












VbI, 




k.,- 


«.. 














13.0 




G.l 





























}!?:•■ I S! 



StamdflighU Three kiteswereuHed; littingmirfftce, IT.Osq. m. Wire out, 4,900 m.; 
at mttximum altitude, 1,400 m. 

The sky waa cloudless. 

February 7, 1913. — Firit flight: Three kites were UBcd; lifting Burface, 18.9 sq. m. 
Wire out, 3,000 ni.; at maximum altitude, 2,470 m. 

The sky waa cloudless until 10.03 a. m. Thereafter there were a few 8t.-Cu. from 
the nortliwest. 

At 8 a. m. a ridge of high pressure (778 mm.) central over Wyoming extended from 
Britisb Columbia to tlie Louisiflna coast. Low pressure (754 mm.) was central over 
Ontuio. 

Seamd flight: Two kileg were used; lifting suriacc, 10.7 aq. m. Wire out, 1.300 m.; 
at maximum altitude, 1,000 111. 

There were a few St.-Cu. from the west. 

February 8, 191S. — Five kitea were used; lifting surface, 29.6 «q, m. Wire out, 
7,000 m. at maximum altitude. 

There were 9/10 A.-St. from tlie west. 

High pressure (774 mm.) was central over Texas; low pressure (751 mm.) was cen- 
tral over Quebec. 



BLAIB — VBEB-AIR DATA. 
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ResiUts of free air observations. 





On Mount Weather, Va.. 


626 m. 




At different heights above sea. 




Date and hoar. 


Prea- 
sure. 


Tem- 
pers 
ture. 


Rel. 
hum. 


Wind. 
1 


Height ^"^ 
**''**"''i sure. 


Tem- 
pera- 
ture. 


Humidity. 


Wnid. 


P.D. 

kite 








« 




and 




— — 




DIr. 


Vel. 




1 


Rel. 


Abs. 


Dir. 


Vel. 


earth. 


Feb. 12,1913: 












I 


1 






Firtt/Uffkt— 
1.14 p.m... 


ntn. 
714.7 


C. 

- 6.8 


a 


nw. 


m. p. «. 

ll9 


iR. 1 tniH. 
626 ' 714.7 


C. 
- 6.8 


\ 


Q/eu.m. 
1.3 


nw. 


\ffl.p.9. 

. 13.9 


Kolt«. 


1.26 p.m... 


714.7 


- 5.6 


43 nw. 


17.4 


906 1 68a5 


-11.6 


46 


a8 


nw. 


.16.0 


' "640 


1.41p.m... 


714.7 


-5.8 


65 inw. 


17.9 


1,315 1 644.8 


-16.5 


68 


0.7 


nw. 


13.0 


1,170 


1.63 p.m... 


714.7 


- 6.0 


38 ,nw. 


17.0 


1,804 ' 603.9 


-21.5 


66 


0.6 jwnw. 


20.9 


2,070 


1.57 p.m... 


' n4.7 


- 5.4 


40 'nw. 


16.1 


2,031 ' 585.7 


-22.7 


58 


0.4 


wnw. 


20.2 


2,320 


2.00 p.m... 


i 714.7 


- 6.0 


43 nw. 


14.3 


2,179 573.8 


-21.6 


48 


0.4 


nw. 


27.0 


2,405 


2.08 p. m. . . 


1 714.8 


- 5.9 


49 inw. 


14.3 


2,664 538.3 


-21.2 


26 


0.2 


nw. 


33.9 


3,200 


2.12 p.m... 


' 714.8 


- 6.9 


52 nw. 


16.5 


2,863 , 523.3 


-19.8 


24 


0.2 


nw. 


33.1 




2.54 p.m... 


! n5.2 


- 6.2 


54 ,nw. 


17.9 


1,954 


-22.3 


12 


0.1 


nw. 


18.0 


'i,'836 


3.12 p. m. . . 


716.6 


- 6.0 


40 'nw. 


15.6 


1,622 > 619.5 


-20.5 


32 


0.3 


nw. 


16.9 


1,340 


3.24 p.m... 


716.6 


~ 6.4 


41 inw. 


16.5 


1,124 662.1 


-16.3 


61 


0.7 


nw. 


12.9 


810 


* 3.38p.m... 


716.8 


- 6.3 


51 inw. 


13.4 


880 683.8 


-12.2 


48 


0.9 n^. 


l&l 





3.60 p. m. . . 


716.0 


- 6.6 


52 nw. 


13.9 


526 1 716.0 


- 6.6 


62 


1.6 nw. 


13.9 




Second fliffht— 






1 




1 






1 






4.23 p.m... 


716.4 


- 7.1 


48 nw. 


17.4 


526 716.4 


- 7.1 


48 


1.3 inw. 


17.4 


. . . . . k 


4.28 p.m... 


716.4 


- 7.1 


48 nw. 


17.4 


960 677.4 


-12.3 


46 


0.8 inw. 


16.0 


426 


4.48 p.m... 


n6.7 


- 7.6 


49 lUW. 


17.4 


1,447 ' 635.2 


-18.2 


65 


0.7 ,nw. 


16.2 


1,316 


4.65 p.m... 


716.7 


- 7.6 


49 nw. 


1&2 


1,722 612.1 


-21.1 


67 


0.5 nw. 


20.9 


1,030 


4.68 p.m... 


716.8 


- 7.6 


49 nw. 


17.4 


1,948 1 593.7 


-21.7 


60 


0.6 


nw. 


21.8 


2,210 


4.60 p.m... 


716.8 


- 7.6 


49 nw. 


17.9 


2,011 , 588.6 


-21.0 


53 


0.4 


nw. 


23.6 


2,210 


6.06 p.m... 


716.9 


- 7.8 


49 nw. 


16.6 


2,101 


581.6 


-21.2 


37 


0.3 nw. 


19.3 


2,210 


6.07 p.m... 


716.9 


- 7.8 


60 nw. 


17.4 


2,139 ' 578.7 


-20.4 


36 


0.3 nw. 


20.6 


2,340 


6.08 p.m... 


717.0 


- 7.9 


60 nw. 


14.3 


2,164 1 576.7 


-21.0 


32 


0.3 nw. 


21.5 


2,420 


6ul0p.m... 


717.0 


- 7.9 


51 nw. 


15.6 


2,330 , 563.9 


-20.4 


30 


0.3 nw. 


22.3 


2,990 


6.15 p.m... 


717.1 


- 8.0 


53 nw. 


13.4 


2,787 530.0 


-21.8 


25 


0.2 nw. 


26.5 


4,540 


5.26 p.m... 


717.3 


- 8.2 


60 nw. 


13.0 


2,865 524.7 


-20.6 


20 


0.2 nw. 


29.0 


4,800 


5.36 p.m... 


717.6 


-8.6 


56 nw. 


13.4 


2,882 


523.1 


-22.3 1 


16 


0.1 


nw. 


29.4 




6.04 p.m... 


718.1 


- 9.6 


65 nw. 


15.2 


2,202 


573.7 


-20.9 , 


13 


0.1 


nw. 


19.3 


"3,'466 


6.06 p. m. . . 


718.1 


- 9.6, 


64 nw. 


15.2 


2,164 


576.7 


-21.5 ! 


12 


0.1 inw. 


21.0 


3,480 


6.08 p.m... 


718.2 


- 9.6 


61 nw. 


13.0 


2,153 


577.7 


-20.6 1 


12 


0.1 nw. 


21.0 


3,500 


6.10 p.m... 


718.2 


- 9.5' 


58 nw. 


13.0 


2,153 


577.7 


-20.2 


12 


0.1 


nw. 


22.1 


3,600 


6.26 p.m... 


718.6 


- 9.6 


59 nw. 


17.4 


1,790 


607.0 


-22.2 ' 


19 


0.1 


nw. 


18.1 


2,360 


6.37 p.m... 


718.8 


- 9.7, 


65 nw. 


14.8 


1,450 


635.2 


-20.9 1 


43 


0.4 


nw. 


1&5 


1,696 


6.63 p«m... 


719.1 


-10.2 


60 |nw. 


11.2 


970 


678.4 


-16.0 


64 


0.8 Inw. 


14.4 


730 


7.02 p.m... 


719.3 


-10.41 

1 


66 nw. 


10.3 626 


719.3 


-ia4 


66 


1.4 nw. 


10.3 





February 12 ^ 191 S. — First flight: Four kites were used; lifting surface, 23.3 sq. m. 
Wire out, 4,500 m.; at maximum altitude, 4,300 m. 

There were 1/10 St.-Cu., from the west-northwest; altitude, about 1,800 m. 

At 8 a. m. high pressure (778 mm.) was central over Iowa; low pressure (742 mm.) 
was central over Newfoundland. 

Second flight: Four kites were used; lifting surface, 24.3 sq. m. Wire out, 5,000 m. ; 
at maximum altitude, 4,500. 

There were a few to 1/10 St.-Cu. from the northwest; altitude, about 1,950 m. 
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BULLBTIN OF THB MOUNT WEATHEB 0B8EBVAT0BY. 



Results of free air observations. 





On Mount Weather, Va., 526 m. 1 At diflerait heights above sea. 


Date ind hour. 




Tem- 
pera- 
ture. 




Wind. 1 




Tem- 


Humidity. 


Wind. 


P.D. 




Pree- 
suie. 


Rel. 
hum. 




r«..i^w«l 


Pree- 











kite 










1 






and 








Dlr. 


Vel. 




Rel. 


Abs. 


Dir. 1 


Vel. 


earth. 


Feb. 12. 1013: 
7.30 p.m.. 




1 
1 










1 
1 








ffim. 


C. 


% 




m.p.9. 
10.3 


m. 


fAfR. C 


\ 


gfeu.m. 


m. p. c. 
10.3 


VoltM. 


719.7 


-10.7' 


48 


nw. 


526 


719.7 -10.7 


1.0 ,nw. 




7.46 p.m.. 


719.8 


-10.9 ; 


50 nw. 


14.3 


925 


683.1 -15.7 


64 


0.8 nw. , 


17.7 


"iw 


8.03 p.m.. 


719.9 


-11.1 ' 


57 nw. 


14.3 


1,377 


643.1 -21.0 


78 


0.6 


nw. i 


17.4 


2,230 


8.05 p.m.. 


719.9 


-11.2 


59 'nw. 


16.5 


1,386 


642.1 -21.2 


77 


0.6 


nw. , 


18.7 


2,270 


8.13 p.m.. 


720.0 


-11.4 


67 nw. 


17.0 


1,685 


616.8 -19.7 


45 


0.4 nw. 


19.5 


4,000 


8.17 p.m.. 


720.0 


-11.4 


64 nw. 


17.0 


1,783 


608.6 1-19.8 


39 


0.4 nw. i 


17.6 


3,860 


8.18 p.m.. 


720.0 


-11.4 


63 


nw. 


17.4 


1,833 


604.5 


-19.1 


36 


0.4 


nw. 


17.6 


3,800 


8.20 p.m.. 


720.0 


-11.4 


64 


nw. 


14.8 


1,858 


603.5 


-19.7 


34 


0.3 


nw. 


18.1 


3,820 


8.22 p.m.. 


720.0 


-11.5 


65 


nw. 


15.6 


1,973 


508.3 


-18.8 


33 


0.3 


nw. 


16.8 


3,890 


8.36 p.m.. 


790.1 


-11.6 


59 


nw. 


13.4 


2,755 


534.7 


-21.2 


23 


0.2 


nw. 


20.3 


5,400 


8.52 p.m.. 


720.2 


-11.8 


74 


nw. 


11.6 


3,289 


496.4 


-22.0 


16 


0.1 


nw. 




7,000 


9.02 p.m.. 


720.3 


-11.9 


64 


nw. 


15.2 


3,099 


508.9 


-22.1 


15 


0.1 nw. 




),3«r 


9.28 p.m.. 


720.8 


-12.2 


53 


nw. 


16.1 


2,320 


565.7 


-19.3 


14 


0.1 


nw. 


"15.6* 


1,4.'.0 


9.32 p.m.. 


720.8 


-12.2 


53 


nw. 


13.0 


2,144 


579.4 


-20.7 


13 


0.1 nw. 


16.0 


4,100 


9.46 p.m.. 


721.1 


-12.2 


55 


nw. 


7.6 


1,997 


591.3 


-22.8 


14 


0.1 


nw. 


16.7 


3.740 


9.48 p.m.. 


721.1 


-12.3 


55 


nw. 


9.8 


1,986 


506.3 


-23.7 


15 


0.9 


nw. 


16.7 


3,480 


9.51p.m.. 


721.2 


-12.3 


56 


nw. 


8.0 


1,751 


611.7 


-23.3 


16 


0.1 


nw. 


16.2 


2,700 


9.53 p.m.. 


721.2 


-12J 


57 


nw. 


8.5 


1,652 


620.0 


-23.5 


19 


0.1 nw. 


16.7 


2.280 


10.00 p.m.. 


721.3 


-12.3 


57 


nw- 


8.5 


1,409 


641.0 


-22.6 


43 


0.3 inw. 


12.2 


1,830 


10.15 p.m.. 


721.4 


-12.4 


57 


nw. 


U.9 


926 


684.2 


-18.1 


63 


0.7 Inw. 


13.3 


480 


10.25 p.m.. 
Fourth flight— 


721.4 


-12.4 


57 


nw. 


13.4 


526 


721.1 


-12.4 


57 


1.0 


nw. 


13.4 






























10.58 p.m.. 


721.6 


-12.9 


64 


nw. 


10.3 


526 


721.6 


-12.9 


64 


1.1 


nw. 


10.3 




11.08 p.m.. 


721.7 


-13.0 


63 


nw. 


13.4 


903 


686.6 


-16.9 


65 


0.8 nw. 


13.0 


"426 


11.17 p.m.. 


721.8 


-13.0 


' 59 


nw. 


14.8 


1,171 


662.7 


-19.7 


69 


0.6 nw. 


19.1 


1,630 


11.22 p.m.. 


721.9 


-13.0 


59 


nw. 


14.3 


1,353 


646.6 


-18.4 


53 


0.6 'nw. 


17.6 


2,210 


11.27 p.m.. 


722.0 


-13.0 


60 


nw. 


14.8 


1,430 


640.1 


-17.2 


45 


0.5 


nw. 


14.4 


2,320 


11.33 p.m.. 


722.0 


-13.0 


62 


nw. 


14.3 


1,806 


008.8 


-18.1 


38 


0.4 


nw. 


13.6 


3,710 


11.37 p.m.. 


722.1 


-13.0 


63 


nw. 


12.1 


2,022 


591.5 


-17.5 


35 


0.4 


nw. 


14.8 


4,520 


11.50 p.m.. 
Feb. 13, 1913: 


722.3 


-13.2 


59 


nw. 


9.4 


2,403 


562.1 


-19.2 


27 


0.3 


nw. 


14.7 


5,100 












1 














12.08 a.m.. 


722.5 


-13.3 


58 


nw. 


10.3 


2,056 521.9 


-22.4 


24 


0.2 


nw. 


20.6 i 6,880 


12.12 a.m.. 


722.5 


-133 


58 


nw. 


12.1 


3,321 496.6 


-21.9 


21 


0.2 


nw. 


23.5 8.410 


12.13 a.m.. 


722.5 


-13.3 


59 


nw. 


12.1 


3,416 490.1 


-21.4 


21 


0.2 


nw. 


21.8 8,350 


12.16 a.m.. 


722.5 


-13.4 


60 


nw^. 


15.6 


3,495 485.2 


-21.5 


20 


0.2 nw. 


27.7 1 8,300 


12.38 a.m.. 


722.7 


-13.5 


70 


nw. 


10.7 


3,000 518.4 


-21.0 


1 *7 


0.1 nw. 


1 6,700 


12.42 a.m.. 


722.7 


-13.5 


70 


nw^. 


14.3 


2,906 : 525.3 


-21.2 


t 17 


0.1 nw. 


21.5 < 6,360 


1.00 a.m.. 


722.8 


-13.5 


70 


nw. 


11.6 


2,372 , 565.0 


-1H.2 


17 


0.2 jnw. 


14.7 ' 4,700 


1.11a.m.. 


722.9 


-13.6 


1 «7 


nw. 


16.5 


1,762 612.9 


-15.4 


17 


0.2 'nw. 


11.9 3,180 


1.17 a.m.. 


722.9 


-13.6 


' 65 


nw. 


10.7 


1,511 633.7 


-17.2 


17 


0.2 nw. 


16.8 2,555 


1.25 a.m.. 


723.0 


-13.6 


64 


nw. 


9.8 


1,486 ; 635.9 


-19.3 


18 


0.2 inw. 


19.0 ; 2,440 


1.28 a.m.. 


723.0 


-13.6 


63 


nw. 


6.3 


1,373 1 615.5 


-19.0 


, 1» 


0.2 nw. 


19.0 


2,100 


1.30 a.m.. 


723.0 


-13.7 


62 


nw. 


6.3 


1,204 . 660.5 


-20.3 


21 


0.2 nw. 


14.8 


1.580 


1.34 a.m.. 


723.0 


-13.7 


61 


nw. 


5.4 


1,022 


676.8 


-19.2 


32 


0.3 nw. 


12.6 ! 1,010 


1.48 a.m.. 


723.1 

1 


-13.8 


61 


nw. 


7.6 


526 


723.1 

1 


-13.8 


1 ^^ 


0.9 


nw. 

1 


7.6 





Third flight' Five kites were used; lifting surface, 30.6 sq. in. Wire out, 5,200 m., 
at maximum altitude. 

There were a few St.-Gu. from the northwest. 

Fourth flight: Five kites were used; lifting surface, 31.6 sq. m. Wire out, 5,200 
m. at maximum altitude. 

The sky was cloudless. 
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Rendu of free air observations. 



Date and hour. 



Feb. 18, 1913: 
F^th flight— 
2.35 a.m.. 
2.45 a.m.. 

2.50 a. m.. 
2.55 a. m.. 
2U>7a. m.. 
3.02 a. m.. 
3.15 a. m . . 
3.18 a. m . . 

3.20 a. m.. 
3.35 a. m . . 
3.40 a.m.. 
3.47 a. m.. 
3.54 a. m . . 
4.18 a. m.. 

4.22 a. m.. 
4.37 a.m.. 
4.47 a. m.. 

4.57 a. m.. 

4.58 a. m . . 
5.02 a. m.. 
5.06 a. m . 
5.10 a.m. 

5.21 a. m. 
Sittk flights 

5.57 a. m. 
6.06 a. m . 
6.12 a. m. 
7.33 a.m.. 
7.54 a. m.. 
8.08 a. m 
8.10 a. m 

SetentHfligia— 

8.47 a. m 

8.51 a. m.. 

8.58 a. m . . 
9.08 a. m.. 

9.23 a. m.. 
9.42 a. m.. 

9.48 a. m.. 
9.51 a. m.. 
9.54 & m.. 

10.04 a. m. . 
10.06 a. m. . 
10.12 a. m. . 
10.17 a.m.. 
10.23 a.m.. 
10.27 a.m.. 
10.30 a.m.. 
10.34 a.m.. 



On Mount Weather, Va., 526 m. 



Free- 
aure. 



fRfn. 

723.2 

723.2 

723.2 

723.2 

723.2 

723.2 

723.2 

723.2 

723.2 

723.1 

723.1 

723.1 

723.1 

723.0 

723.0 

723.0 

722.9 

722.9 

722.9 

722.9 

723.0 

723.0 

723.2 

723.7 
723.8 
723.9 
724.6 
724.6 
724.6 
724.7 

724.8 
724.8 
724.8 
724.8 
724.9 
724.9 
725.0 
725.0 
725.0 
725. 
725.0 
?«4.9 
724.9 
724.9 
724.9 
724.8 
724.8 



Tem- 
pera- 
ture. 



C. 

-14.0 
-14.0 
-14.0 
-14.0 
-14.0 
-14.1 
-14.2 
-14.3 
-14.3 
-14.3 
-14.4 
-14.4 
-14.4 
-14.4 
-14.4 
-14.4 
-14.4 
-14.5 
-14.5 
-14.5 
-14.6 
-14.6 
-14.7 

-14.7 
-14.8 
-14.7 
-14.8 
-14.6 
-14.3 
-14.2 

-13.6 
-13.4 
-13.4 
-13.3 
-12.5 
-12.2 
-11.8 
-11.8 
■11.8 
-11.7 
-11.7 
-11.6 
-11.5 
-11.2 
-11.0 
-10.8 
-10.6 



Rel. 
hum. 



/O 

73 
73 
67 
64 
64 
70 
73 
73 
73 
75 



42 
38 



Wind. 



Dir. 



Vel. 



IfR 



nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
nw. 



76 nw. 

77 nw. 
nw. 



77 
73 
73 
73 
74 
76 
76 
76 
74 
73 
77 



nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
nw. 



77 
77 
72 
70 
72 
63 
68 



nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
wnw. 



58 
61 
74 
55 



53 wnw. 



wnw. 

wnw. 

wnw. 

wnw. 
46 wnw. 
40 jwnw. 

46 iwnw. 
52 wnw. 
58 w. 

54 ,w. 

51 iw. 
49 w. 

52 w. 

47 w. 



w. 
w. 



8.5 

8.5 

10.3 

8.0 

9.4 

13.4 

14.3 

11.2 

8.5 

9.8 

11.6 

13.9 

17.0 

17.9 

19.2 

17.0 

19.2 

17.9 

18.9 

21.5 

24.6 

17.0 

10.7 

15.2 

13.4 

5.4 

10.3 

8.5 

9.8 

11.2 

10.7 

13.0 

8.0 

10.3 

11.2 

8.9 

6.3 

6.7 

4.0 

4.0 

4.9 

5.8 

5.4 

6.8 

4.0 

4.0 



At dlflerent heic^hte above 



Height 



m. 

626 

925 

1,008 

1,446 

1,433 

1,522 

2,16S 

2,483 

2,763 

3,131 

3,423 

3,692 

3,612 

3,354 

3,267 

2,215 

1,230 

1,006 

995 

875 

889 

815 

526 

526 
913 
1,610 
1,874 
1,568 
1,042 
526 

526 

679 

833 

054 

1,051 

1,150 

1,480 

1,563 

1,666 

1,618 

1,515 

1,575 

1,165 

860 

921 

932 

526 



Pres- 
sure. 



ffim. 
723.2 
685.8 
678.2 
639.5 
640.6 
633.1 
581.1 
657.1 
637.4 
510.8 
491.0 
474.6 
478.6 
497.4 
503.3 
579.1 
658.7 
678.2 
679.3 
090.2 
689.1 
605.8 
723.2 

723.7 
687.5 
635.7 
606.7 
631.5 
676.6 
724.7 

T24.8 
710.4 
096.0 
685.1 
676.4 
667.8 
639.0 
632.8 
624.5 
628.5 
636.9 
631.8 
666.7 
693.8 
688.4 
687.3 
724.8 



Tem- 
pera- 
ture. 



C. 
-14.0 
-18.8 
-20.1 
-17.6 
-18.0 
-15.7 
-16.4 
-17.5 
-17.4 
-19.3 
-18.7 
-19.3 
-19.7 
-19.2 
-2a 1 
-14.3 
-10.9 
-15.0 
-16.0 
-17.2 
-14.8 
-16.5 
-14.7 

-14.7 
-17.7 

- 9.8 
-13.1 

- 9.1 
-17.7 

14.2 

-13.5 
-15.6 
-12.9 
-14.5 
-1Z3 
-14.1 
-10.5 
-11.2 

- 9.7 

- 9.6 
-11.8 
-10.6 
-12.5 
-14.2 
-13.1 
-14.5 
-10.6 



Humidity. 


Wind. 


P. D. 










kite 










and 


Rel. 


Aba. 


Dir. 


Vel. 


earth. 


% 


gleu.m. 




m. p. i. 


VolU. 


73 


1.1 


nw. 


7.6 




81 


0.8 


nw. 


11.3 


i,bib 


81 


0.7 


nw. 


14.9 


1,640 


65 


0.7 


nw. 


13.0 


3,640 


57 


0.6 


nw. 


13.9 


3,600 


49 


0.6 


nw. 


14.3 


3 880 


37 


0.5 


nw. 


14.8 


4,900 


35 


0.4 


nw. 


17.8 


6,260 


34 


0.4 


nw. 


16.5 


7,400 


30 


0.3 


nw. 


20.0 


7,420 


28 


0.3 


nw. 


22.5 


8,480 


25 


0.2 

a2 


nw. 
nw. 






25 




8,600 


22 


0.2 


nw. 


22. i 


6,000 


22 


0.2 


nw. 


18.5 


5,430 


21 


0.3 


nw. 


9.0 


1,980 


22 


a4 


nw. 


11.2 


1.090 


21 


0.3 


nw. 


19.5 


920 


22 


0.3 


nw. 


18.7 


910 


27 


0.3 


nw. 


15.3 


810 


30 


0.4 


nw. 


21.0 


830 


35 


0.4 


nw. 


16.8 





77 


1.1 


nw. 


17.0 




77 


l.l 


nw. 


10.7 




83 


0.9 


nw. 


17.5 


1.350 


57 


1.2 


nw. 


14.4 


2,565 


32 


0.5 


nw: 


4.1 




28 


0.6 


nw. 


5.7 


i,976 


28 


0.3 


nw. 


12.6 


1,230 


68 


1.0 


wnw. 


9.8 




53 


0.8 


wnw. 


11.2 




56 


0.7 


wnw. 


12.3 


950 


47 


0.8 


wnw. 


12.6 


900 


34 


0.5 


wnw. 


12.8 


900 


23 


0.4 


wnw. 


4.8 


1,510 


17 


0.3 


wnw. 


7.3 


1,560 


17 


0.4 


wnw. 


5.6 


1,685 


17 


0.3 


wnw. 


5.6 




16 


0.4 


wnw. 


5.5 




14 


0.3 wnw. 


3.7 




13 


0.2 


wnw. 


6.1 




11 


0.2 


wnw. 


7.8 




11 


0.2 


wnw. 


7.0 




10 


0.1 


wnw. 


6.6 




11 


a2 


wnw 


7.6 





11 


0.2 


wnw. 


6.8 





38 


a8 


w. 


4.0 





Fifth flight: Five kites were used; lifting surface, 31. 5 sq. m. Wire out, 5,200 m., 
at maximum altitude. 

The sky was cloudless. 

Sixth flight: Six kites were used; lifting surface, 37.8 sq. m. Wire out, 5,500 m.^ 
at maximum altitude, 3,600 m. 

The sky was cloudless. Light haze extended around and 10 degrees above the 
horizon after 7.56 a. m. 

At 8 a. m. high pressure (777 mm.) was central over West Virginia and covered the 
eastern half of the United States. 

Seventh flight' Five kites were used; lifting surface, 33.5 sq. m. Wire out, 3^000 m. 
at maximum altitude. 

The sky was cloudless until 10.15 a. m., when a few Ci., from the west, appeared. 
Light haze extended around and 10 degrees above the horizon. 
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BULLETIN OF THE MOUNT WEATHEB OBSBBVATOBY. 



Results of free air ob»erv<Uion$. 





On Mount ¥ 
■ure. E5™ 


reathe 

Rel. 
hum. 


r, Va., 
1 W 


528 m. 




At different hefghti above sea. 




Date and hour. 


Ind. 


ITAfi»K4' 


Prea- 
sure. 


Tem- 
pera- 
ture. 

C. 


Humidity. 


Wind. 


P. D. 

kite 








neigni 










and 






buru. 


% 


Dlr. 


; Vel. 


m. 


fRffl. 


Rel. 


Abs. 


Dfr. 

1 


VeL 


earth. 


liar. 5, 1913: 


fimi. 


c. 


1 


"iJi 


% 


g/eu.m. 




mjD.«. 


VoUs 


9.00 a.m.. 


713.9 


1.8 


77 mw. 


526 


713.9 


l.S 


77 


4.2 nw. 




9.18 a.m.. 


713.8 


1.5 


72 ;nw. 


20.6 


974 


674.9 -2.0 


59 


2.4 nw. 


is! 6 





9.21a.m.. 


713.8 


1.6 


71 nw. 


19.7 


1,211 


655.1 ,-2.4 


57 


2.3 !nw. 




530 


9.25 a. m.. 


713.8 


1.8 


68 nw. 


20.6 


1,476 


633.8 -0.4 


46 


2.2 nw. 


14.9 


960 


9.31a.m.. 


713.7 


2.1 


67 nw. 


. 17.0 


1,517 


630.5 1-1.2 


37 


1.6 nw. 




1,030 


9.37 a.m.. 


713.7 


2.6 


64 inw. 


14.8 


1,560 


627.2 -0.2 


35 


1.7 inw. 




1,170 


9.46 a.m.. 


713.6 


2.0 


68 


nw. 


13.4 


2,117 


do4. O 


-3.2 


30 


1.1 nw. 




1,170 


10.12 a.m.. 


713.5 


2.3 


66 


nw. 


9.8 


2,334 


568.6 


-5.2 


26 


0.8 .nw. 




■1,205 


11.15 a.m.. 


713.5 
713.5 
713.5 
713.5 
713.5 
713.5 


3.5 
3.5 
3.2 
3.6 
3.5 
3.8 


59 
59 
60 
61 
62 
56 


wnw. 

wnw. 

nw. 

nw. 

nw. 

nw. 


7.6 
7.6 
8.0 
8.0 
8.9 
7.2 


2,167 
1,918 


580.7 
599.1 


-3.4 

-4.0 
-3.4 

-4.8 

-4.2 

3.8 


17 
17 
16 
16 
16 
56 


0.6 nw. 
0.6 nw. 
0.6 nw. 
0.5 nw. 






11.20 a. m.. 






11.41 a. m.. 


1,889 601.3 
1,587 624.9 






11.47 a.m.. 


1 


11.51 a.m.. 


1.503 
526 


631.6 
713.5 


0.6 
3.5 


nw. 
nw. 


1 


12.03 p.m.. 
Mar. 6, 1913: 


7.2 































8.27 a.m.. 


705.8 


1.1 


60 


w. 


6.7 


526 


705.8 


1.1 


60 


3.1 


w. 


6.7 




8.38 a.m.. 


705.9 


1.3 


62 


w. 


8.9 


996 


665.7 


-1.3 


67 


2.9 


wnw. 


16.8 


6 


8.50 a.m.. 


706.0 


1.1 


62 


w. 


12.5 


1.581 618.2 


-8.3 


82 


2.0 


w. 


17.6 780 


9.05 a.m.. 


706.2 


1.1 


62 


w. 


17.9 


2,329 . 560.7 


-15.4 


94 


1.3 


w. 


17.6 1 1,685 


9.20 a.m.. 


706.5 


-1.2 


88 


wnw. 


23.7 


2,767 528.3 


-20.1 


98 


0.9 


wnw. 


1 2,555 


9.25 a.m.. 


706.6 


-1.8 


90 


wnw. 


22.4 


2,437 561.7 


-17.5 


98 


1.1 


wnw. 


2,556 


9.35 a.m.. 


706.9 


-2.1 


88 


wnw. 


21.5 


2,037 581.8 


-14.3 


100 


1.5 


wnw. 


, 2.200 


' 9.45 a.m.. 


707.1 


-2.0 


82 


nw. 


22.4 


1,814 599.3 


-13.2 


100 


1.6 


wnw. 




1,890 


9.55 a.m.. 


707.3 


-1.8 


78 


nw. 


19.7 


1,498 


624.7 


-10.4 


100 


2.1 


wnw. 




1,460 


11.17 a.m.. 


707.7 


-1.6 


48 


nw. 


25.0 


526 


707.7 


- 1.6 


48 


2.0 


nw. 


25.6 





March 5, 1913. — Six kites were used; lifting surface, 34.9 sq. m. Wire out, 5,400 
m.; at maximum altitude, 3,300 m. 

There were 5/10 to few St.-Cu. from the northwest, altitude 1,200 m., before 11 a. m. ; 
thereafter the sky was cloudless. 

High pressure (767 mm.) was central over western Tennessee. Low pressure was 
central over Nantucket (757 mm.) and over Lake Superior (752 mm.). 

March 6, 191S. — Four kites were used; lifting surface, 25.2 sq. m. Wire out, 5,000 m. 
at maximum altitude. 

Before 9 a. m. there were 8/10 to 9/10 St.-Cu. from the west, altitude, 1,800 m. From 
9.14 to 9.35 a. m. a snow squall occurred with 10/10 St.-Cu. from the west-northwest, 
altitude, about 1,350 m. Thereafter 10/10 St.-Cu. from the west-northwest, alti- 
tude, 2,000 m., decreased to 3/10. The head kite was hidden by St.-Cu. from 9.05 
to 9.43 a. m. 

Low pressure (748 mm.) was central over western Quebec and high pressure (773 
mm.) was central over Iowa. 
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Results of free air observations. 



Date and hour. 



Mar. 19, 1913: 

1.44 p.m.. 
2.02 p.m.., 
2.12 p. m.^ 

2.16 p.m.. 

2.17 p.m.. 
2.23 p.m.. 

2.28 p.m.. 
2.32 p.m.. 
2.35 p.m.. 
2.38 p. 
3.57 p. 
4.02 p. 

4.04 p. 

4.05 p. 
4.08 p. 

4.10 p. 

4.11 p. 
4.15 p. 

4.29 p. 

4.45 p. 
4.52 p.m... 



On Mount Weather, Va., 52G m. 




At different heights above sea. 



Pres- 
sure. 



Tfim. 
723.9 
682.4 
fi54.4 
642.6 
638.4 
626.9 
624.9 
622.8 
621.8 
613.6 
590.5 
679.7 
582.5 
581.5 
580.6 
578.7 
579.7 
590.5 
634.2 
687.8 
722.2 



Tem- 


Humidity. 


W 


pera- 


— 






ture. 


Rel. 


Aba. 


Dir. 


C. 


\ 


glcu.m. 




13.8 


6.6 


se. 


8.4 


71 


6.0 


s. 


4.2 


80 


5.1 


s. 


2.1 


80 


4.5 


s. 


3.6 


82 


5.1 


s. 


2.7 


45 


2.6 


s. 


3.2 


47 


2.8 


s. 


2.1 


50 


2.8 


s. 


3.5 


45 


2.8 


s. 


1.8 


44 


2.4 


s. 


-0.4 


45 


2.1 


s. 


-4.9 






s. 


-5.4 


88 


2.8 


s. 


-2.5 


58 


2.3 


s. 


-4.7 


65 


2.2 


s. 


-2.3 


54 


2.2 


s. 


-4.5 






s. 


-4.5 


82 


2.8 


s. 


-0.2 


100 


4.8 


s. 


8,6 


76 


6.5 


s. 


13.6 


59 


6.9 


se. 



P. D. 

kite 
and 
Vel. 'earth. 



tn. p. • 
11.6 
10.2 
14.3 

, 14.3 

' 12.6 
10.9 

' 8.6 
8.6 
6.7 
6.7 
6.1 

■ 8.8 
8.8 

I • - • . • • 

I ..... . 

* ii.'e 

11.2 

' 10.9 

8.3 

7.2 



;, I 



Volt*. 

6 



no 

170 
170 
210 
250 
260 
260 













March 19, 1913. — Six kites were used; lifting surface, 37.8 sq. m. Wire out, 6,000 m. ; 
at maximum altitude, 2,900 m. 

Cloudiness varied from 7/10 to 3/10 St.-Gu. from the south. The head kite was in 
St.-Cu., altitude 1,400 m., from 4 to 4.13 p. m. and again at 4.29 p. m. 

High pressure (777 mm.) central off the immediate New York coast covered the 
eastern half of the United States. 
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5, THE ZODIACAL LIGHT. 

By Maxwell Hall. 
[Dated Jamaica, West Indies. Oct. 21, 1913.] 

In a former article on this subject, published in the United States 
Monthly Weather Keview for March, 1906, I gave an account of 
the results obtained after some 30 years of observation; and it was 
there explained that failing to observe any changes in* its position, 
breadth, and illumination which could not be accounted for bv its 
varying inclination to the horizon and by varying atmospheric 
effects, some very careful measures were taken, in J 899 and 1901, 
which showed that the band of light did not absolutely coincide 
with the scliptic, but that it rather followed the invariable plane 
of the solar svstem. 

The writer of the article on the zodiacal Ught in the last edition 
of the Encyclopaedia Britannica, in referring to this work, suggested 
that the observations should be continued throughout a year; and 
after I had retired from official duties I recommenced the observa- 
tions and continued them from December, 1911, to November, 1912. 
Since that time much has happened to interfere with even the reduc- 
tion of the observations, and as the former results have been confirmed 
and developed it seems better to publish the results obtained up to 
the present time rather than trust to the probability of making 
many more of these rather difficult observations. 

The late Prof. Simon Newcomb wrote me asking whether the 
longitudes referred to in that article were geocentric or heliocentric. 
They certainly were the former; neither did it then appear possible to 
consider heliocentric longitudes except in the case of the gegenschein, 
or counterglow. This subject will be dealt with later on. 

20226—14 1 61 



^ 



62 BULI-ETlN OF THE MOUNT WEATHEE OBSERVATOEY. 

In figure 1 let the circle represent the orbit of the earth and the 
continuous line the line of nodes of the invariable plane, the ascending 
node being in heliocentric longitude 107° and the inclination of that 
plane to the ecliptic being 1° 35'. 

Then, supposing that the plane of the zodiacal light coincides 
with the invariable plane, when the earth in January is at Ej on the 
line of nodes, a point A on the western and morning branch of the 
zodiacal light 90° from the sun should be 1° 35' above the ecliptic, 
but a point G 90° from the sun on the eastern and evening branch 
should be 1° 35' below. 

When the earth in April is at E, at right angles to the line of nodes, 
all that part of the zodiacal light near B in opposition to the sun 
should be more than 1° 35' above the ecliptic. 



Asc£NDtno f/oo£. 




M 



OCT. lO. 

O' 



-5-" \ \ / ,J) 



Flo. 1.— The orbit of the earth and the Dodes of the Invariable plane. 

When the earth in July is at E3 on the line of nodes again, a point C 
90° from the sun on the eastern and evening branch should bo 1° 35' 
above the ecliptic, but a point D 90° from the sun on the western 
and morning branch should be 1° 35' below. 

When the earth in October is at E^ at right angles to the line of 
nodes again, all that part near F in opposition to the sun should be 
more than 1° 35' below the ecliptic. 

When the earth is at Ej and E, the parts of the zodiacal light 
opposite to the sun can not be seen on account of the milky way. 

We thus have six tests to show how far the zodiacal light coincides 
with the invariable plane; and we shall, in Table I, pick out from the 
whole series all the observations which apply to these tests and 
arrange them according to the daj^s of the month. 
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Table I. 







Distance 








of point 


IMltudo 






tromsun. 


01 point. 






10^ 




i 




Ei, Jsnuuy, W. bnncb «D* from sun.. 


l»»,Jan.l7.. 
8M,J»n. 17.. 


loi 


Bl 


+2 




BM,Jui. 20.. 






+3 






ia.Jan.80.. 


78 




+1 






8i«,Jan8.... 


71 








Ei, JMiuaiy, E. branch 90* from ™n. . 


912,jBn. 8... 
1899, Jan. 11... 
13, Jan. 23.. 

•aSS!J::: 

11,MU.17... 


T. 




i\ 


"" 




ia,y«r.i8.-. 


71 




+ 2 




E^ Aprtl, opposition to ihe sun 


ia,Apr.*.... 


79 










l3,Apr.6.... 
W.ApT.11.- 


79 

n 




+3 






JliffiS'::: 






+* 




























1 la; ^ei7::: 






-S.S 




E,, JDlj, W. branch BO* frora sun . . . . 


S sFI;; 


M 


87 




- 




1913, Ulr23... 


83 










1BI2, un.l3-. 


VX. 










1912, ulyB.... 










Ei. July, B.branohtO* from auti ' 


1912, ulyS..-. 
1912, Uly6.... 


Sj 


98 


+LS 


■t-a 


] 


1912, ulye..- 






+L6 






1912, ulyia... 






+L5 






1991, ept.lO.. 












I9L2, dpi. 10.. 












1912, ept.lS.. 












191J,Oot.30.- 










E., OotobK, opposition to the sun 1 


1912, Oct. 30... 
IBlJ.NOT.l... 

1B12,N0T. 1... 


161 


17. 


=2 


-3 




IBaNov.a... 


it: 








1 


I912,N0T.S... 


ISO 








.. _J 


1912, Nov. B... 


,79) 


-lift 





In each of the six cases the observations have stood the test remark- 
ably well. From the 22 observations made when the earth was on 
the line of nodes the resulting inclination of the plane of the zodiacal 
light to that of the ecliptic is 1° 53', which differs from that of the 
invariable plane by only 18'; but obviously the position of the line 
of nodes can not be obtained with the same accuracy, and we must 
determine its position later on. 

It is to be noticed that from the 19 observations made near B and F 
in opposition the mean maximum geocentric latitude is 2° 58' 
This result will be required later on. 

From figure 1 we might form other groups besides those given in 
Table I. Thus from about January 8 to February 7 the morning 
observations in the western branch should all give + latitudes; and 
80 on. It wiU be found that such groups are fairly satisfactory and 
therefore need not detain us here. 

We must now refer to the observations made of the breadth of the 
zodiacal light. Arranging the groups so that the average geocentric 
longitudes are multiples of 10', as far as possible, so as to avoid pos- 
sible selection, we get the table following. 
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Table II. 



Distance 
from sun 



20 
20 
21 
24 



21 



Br^dlh. ^Branch.:! ^^^^ul ^'^'^' 



Braach. 



28 
29 
34 
38 



>32 



T21 




SJ"! 




32 




2; 




3-1 




ir 


1 


34 




24 




3; 




3( 




42 
43 


10 • 


2; 

22 


■28 . 


4. 




22 




4:) 




4r 




45 




1< 




45 




25 




4« 




I 23 





47] 


1 


r 4(1 




47 




14 




47 




2f 




49 




2.- 




49 
51 


■iO . 


14 

3(: 


•25 , 


53 




23 




53 




1( 




53 




3;: 




54J 


1 


[ 38j 





541 




r 211 




55 




27 




55 




20 




55 




25 




55 




26 




5« 




26 


1 


56 




27 




56 




27 




56 




15 




56 




23 




56 




24 


. 


57 




30 




58 




28 




58 




34 




59 


60 


26 


26 


59 




20 




60 




42 




61 


• 


20 




62 




28 




63 




38 




64 




23 




65 




27 




65 




30 




65 




20 




65 




23 




66 




14 




67 




26 




69 




31 




69j 


1 

1 


1 32J 





w 
w 
w 

w 

E 
W 

E 
E 
E 
E. 
£ 
E 
E 
E 
E 
E 

E 
W 
W 
W 
W 
E 
W 
W 
W 
E 

W 
E 
\V 
W 
W 
W 
W 
E 
E 
W 
W 
W 
K 
W 
E 
W 
E 
W 
E 
E 
£ 
E 
E 
E 
E 
E 
W 
W 
E 



73\ 

74 

75 

76 

76 

77 

80 

81 

81 

82 

82 

83 

84 

86 

86 

86; 

87 
88 
103 
103 
105 
106 
108 
108 
111 
114 
115 

1481 

152 

157 

\()H 

170 

173 

174 

179 

180 



80 



•1C4 



16; 



19 
25 
24 
15 

23 
23 
II 
17 
28 
15 
36 
20 
22 
32 
31 
28 

281 
34 
12 
15 
5 
16 
17 
24 
18 
11 
12J 

121 

20 

11 

14 

11 

10 

10 

lOj 



23 



-r 



12 



w 
w 
w 

£ 
W 
£ 
W 
W 
E 
W 

w 

K 
E 
E 
E 
E 

E 
W 
W 
E 
£ 
£ 
W 
W 
W 
W 
£ 

W 

E 
£ 
E 
W 
E 
W 
E 



Separating the two branches the groups become — 

Table III. 





Ebn 


inch. 


W branch. 


£ and W combined. 


Distance 






from sun. 




Number 




Number 




Number 


1 


Breadth. 


of obser- 


Breadth. 


of obser- 


Breadth. 


of obser- 






vations. 




vations. 




vations. 


o 


• 




ft 




• 




21 






32 

27 


4 

1 


32 

28 


A 


40 


28 


... 


50 


36 


3 


21 


7 


25 


10 


60 


27 


15 


25 


14 


26 


29 


80 


25 


8 


21 


8 


23 


16 


104 


15 


5 


19 


6 


17 


11 


167 


12 


5 


11 


4 


12 


9 
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It thus appears that on the whole the E branch is somewhat 
broader than the W branch. This is probably due to the circum- 
stance that when the E branch is seen at its best in the evenings about 
March the air here is clearer than when the W branch is seen at its 
best in the mornings about September. We shall therefore use the 
combined breadths as giving on an average the true breadths of the 
zodiacal light at the different angular distances from the sun. 

It was found that when the earth is at right angles to the line of 
nodes the maximum geocentric latitude in opposition was 2° 58', 
and if we had been looking at a planet, the plane of whose orbit 




Fig. 2.— The distance and the apparent breadth of the zodiacal light. 

coincided with that of the invariable plane, its distance from the 
earth could be easily computed: for if p were t.hat distance taking 
the radius of the earth's orbit as unity we have (1 -\-p) tan 1° 35' = /? 
tan 2° 58'; whence /o = l.l and the radius of the orbit of the imaginary 
planet would be 2 . 1 . 

Now, if in figure 2 we lay off the angles SEP = 21°, 40°, 50°, etc., 
taking the constant radius SP to be 2.1, we shall find that the lengths 
p bear a constant ratio to the corresponding observed breadths. 
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Tabi 


.ElV. 




1 

1 An^ar 
distance 
from sun. 

1 


1 

Breadth , 
observed. 


P 


p divided 

by 
breadth. 


Breadth ; 
com- 1 
puted. 


1 

o 

1 21 


• 

32 , 


3.0 


0.094 


e 

32 


40 


28 ' 


2.8 


.100 


» , 


50 


25 


2.6 


.104 


27 ! 


60 


26 1 


2.4 


.092 


25 


80 


23 


2.0 


.087 


21 


> 104 


17 


1.6 


.094 


17 


167 


12 ' 

1 


1.1 


0.092 


12 

1 




^0.095 


i 

1 

1 



iMean. 

The mean ratio is therefore 0.095; and if the breadths be com- 
puted as in the last column by means of p and this ratio they will 
be found to agree very well with the breadths observed. 

On the other hand, from the observed breadth at any point on the 
zodiacal light we can obtain py and then convert the geocentric 
longitude and latitude of the point into heliocentric longitude and 
latitude; we now proceed to reduce the observations. 

As we have to form tables to assisl these reductions it will be better, 
however, to consider the matter from a wider point of view; thus, 
we shall take the inclination of the plane of the zodiacal light to be 
1® 35', instead of 1® 53', as likely to be more correct, and we shall 
compute p from the angular distance from the sun and thus reduce 
geocentric longitudes and latitudes, even in cases where the breadths 
were not observed. 

As 1® 35' was adopted in determining SP in figure 2 no change is 
therefore required ; and 



sin SPE = |p sin SEP, 



SE 



where qp =0.476 approximately; so that ZMSP= ZSEP+ ZSPE; 

and thenhelioc. long. =geoc. long ±Z MSP, the upper sign applying 
to the eastern branch and the lower sign to the western. 

Again, as /o==SP - — ^pvp, and as SP (helioc. lat.)=/> (geoc. lat.), 

we have helioc. lat.=^^ (geoc. lat.). 

Table V gives ZMSP and piov each degree of the ZSEP between 
20® and 145° and then for every 5°; a small subsidiary table 

gives -^. 
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It seems unnecessary to give all the details of the reduction; the 
heliocentric longitudes and latitudes were first arranged according 
to the dates of the observations; then the longitudes were arranged 
in numerical order, and groups were formed as in Table II; thus we 
obtain the following results (see Table V). 







Table V. 






ZSEP. 


/ MSP. 


1 


/ SEP. 


L MSP. 

• 


P 


• 


• 




• 


20 


30 


3.1 


88 


116 


1.8 


21 


31 


3.1 


89 


117 


1.8 


22 


32 


3.1 1 


90 


118 


1.8 


23 


34 


3.0 


91 


119 


1.8 


24 


35 


3.0 


92 


120 


1.8 > 


25 


37 


3.0 


93 


121 


1.8 ; 


26 


38 


3.0 


94 


122 


1.8 


27 


39 


3.0 


95 


123 


1.8 


28 


41 


2.9 


96 


124 


1.7 1 


29 


42 


2.9 , 


97 


125 


1.7 


30 


44 


2.9 1 


98 


126 


1.7 


31 


45 


2.9 


99 


127 


1.7 ' 


32 


47 


2.9 


100 


128 


1.7 


33 


48 


2.9 


101 


129 


1.7 


34 


49 


2.9 


102 


130 


1.7 


35 


51 


2.9 1 


103 


131 


1.6 


36 


52 


2.8 


104 


132 


1.6 


37 


54 


2.8 


105 


132 


1.6 


38 


55 


2.8 


, 106 


133 


1.6 


39 


56 


2.8 


107 


134 


1.6 


40 


58 


2.8 


108 


135 


1.5 ' 


41 


59 


2.8 : 109 


136 


1.5 


42 


61 


2.8 


110 


137 


1.5 


43 


62 


2.7 


HI 


137 


1.5 


44 


63 


2.7 ■ 


112 


138 


1.5 


45 


65 


2.7 


1 113 


139 


1.5 


46 


66 


2.7 


' 114 


140 


1.5 


47 


67 


2.7 


1 1^5 


141 


1.5 


48 


69 


2.6 


116 


141 


1.4 


49 


70 


2.6 


117 


142 


1.4 


50 


71 


2.6 


118 


143 


1.4 


51 


73 


2.6 


I 119 


144 


1.4 


52 


74 


2.6 


120 


144 


1.4 


53 


75 


2.5 


. 121 


145 


1.4 


54 


77 


2.5 


122 


146 


1.4 


55 


78 


2.5 


123 


147 


1.4 


56 


79 


2.5 


124 


147 . 


1.4 


57 


81 


2.5 :, 125 


148 


1.4 


58 


82 


2.4 


126 


149 


1.3 


59 


83 


2.4 


127 


149 


1.3 : 


60 


84 


2.4 


128 


150 


1.3 1 


61 


86 


2.4 


129 


151 


1.3 


62 


87 


2.4 


130 


151 


1.3 


63 


88 


2.3 


131 


152 


1.3 


64 


89 


2.3 


132 


153 


1.3 


65 


91 


2.3 


133 


153 


1.3 1 


66 


92 


2.3 


134 


154 


1.3 


67 


93 


2.3 


135 


155 


1.3 


68 


94 


2.2 


136 


155 


1.2 


' 69 


95 


2.2 


137 


156 


1.2 


70 


97 


2.2 


138 


157 


1.2 


71 


98 


2.2 


139 


157 


1.2 


72 


99 


2.2 


140 


158 


1.2 


73 


100 


2.1 


141 


158 


1.2 ■ 


74 


101 


2.1 


142 


159 


1.2 


75 


102 


2.1 


143 


160 


1-2 , 


76 


104 


2.1 


144 


160 


1.2 


77 


105 


2.1 


145 


161 


1.2 


78 


106 


2.0 


150 


164 


1.2 


79 


107 


2.0 


155 


167 


1.1 1 


80 


108 


2.0 


160 


170 


1.1 1 


81 


109 


2.0 


, 165 


172 


1.1 


82 


113 


2.0 


1 170 


175 


1.1 ' 


83 


111 


1.9 


175 


177 


1.1 


84 


112 


1.9 


, .180 


180 


1.1 j 


85 


113 
114 
115 


1.9 
1.9 
1.9 









86 


::::::::'::::::::i::::::::t 


87 






1 




1 




1 
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Subsidiary table for J^ 





P 


p 


SP. 


3.1 


1.5 


3.0 


1.4 


2.9 


1.4 


2.8 


1.3 


2.7 


1.3 


2.6 


1.2 


2.5 


1.2 


2.4 


1.1 


2.3 


1.1 


2.2 


1.0 


2.1 


1.0 



p 
SF. 



2.0 


1.0 


1.9 I 


0.9 


1.8 


0.9 


1.7 


0.8 


1.6 


0.8 


1.5 


0.7 


1.4 


0.7 


1.3 , 


0.6 


1.2 


0.6 


1.1 


0.5 



Table VI. 



Helk>- 
centric 
longi- 
tude. 



10 
SO 
40 
60 
82 
99 
130 
155 



Hello- 
centric 
lati- 
tude. 



-1.0 
-1.3 
-0.6 
-0.5 
-0.9 
-0.3 
+1.1 
+1.9 



Hello- 
centric 
longi- 
tude. 



Helio- 
centric 
lati- 
tude. 



. 


• 


166 


+1.8 


1 180 


+2.4 


' 205 


+1.5 


220 


+2.3 


271 


-HO. 8 


309 


-0.4 ' 


335 


-1.2 


347 

1 


-1.4 



If we draw a curve (fig. 3), taking the above heliocentric longi- 
tudes as abscissas and the observed heliocentric latitudes as ordinates, 
we shall find the greatest latitude north to be +2.1°, the greatest 
latitude south to be —1.4°, the longitude of the ascending node to 
be 98°, and the longitude of the descending node to be 293°; whence, 
inclination of the plane of the ZL = 1° 45', longitude of ascending 
node = 105i°; comparing these results with the 1° 35' and 107° 
of the invariable plane, there can be no doubt as to their coincidence. 

With regard to the angular breadth of the zodiacal light at dif- 
ferent distances from the sun, a special series of observations was 
made in 1912 to discriminate between the breadth of its base 
along the horizon and the first streak of dawn or the last streak of 
evening twilight. If the axis of the zodiacal light is not nearly per- 
pendicular to the horizon it seems impossible to do so, but when it is 
nearly perpendicular, and when the air is clear down to the verj^ 
horizon, such observations can be made. 

As a general result, when the zodiacal light is seen at its best and 
the air is as clear as possible, the bread tH of the light at 21° distance 
from the sun is only 32°; but when there is much diffused light in 
the sky, which increases toward the horizon and forms there a 
white band of considerable width, the base of the zodiacal light 
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apparently becomes very broad, indeed, and mistakes have been 
previously made for want of this special investigation. 

This general result was shown to be correct by the uniformity of 
the zenith distances of the sun when the times of appearance or dis- 
appearance of the streak of light of dawn or evening twilight were 
deduced. This zenith distance was 111° 27', which is a good deal 
larger than that usually quoted, no attempt being made to separate 
the phenomena hitherto, as far as I am aware. 

The drawing here given (fig. 4) of the elevation of the zodiacal 
light is on the same scale as the drawing given in the U. S. Monthly 
Weather Review, March, 1906. It will be found to differ from it in 
two respects; the breadth of the base has been reduced in conse- 
quence of eliminating the effect of diffused light along the horizon, 
and the breadth of the highest part has been increased. 

A few observations have been made of the intensity of the zodiacal 
light at different distances from the sun as compared with the light 
of the sky at places at the same zenith distance as free from stars 



*Z' 



*/' 



)V / tto *SO t80 Z/O Jl¥0 ^7^^-% JOO J30 4> Jo to f0 



\/i 1 i I uJ I i I I L-J I I I L-UI I iJXJ L_l L.I I L-L-J I ■ ■ * ■ I L- 



-/• 



-i- 






Fig. 3. — The observed heliocentric latitudes and longitudes of the center of the zodiacal light. 

as possible; but the observations have not been reduced, as it is 
hoped to make some more. It may be remarked that these observa- 
tions are very eas}' compared with those made to determine the 
boundaries of the zodiacal light. 

In conclusion, my former spectroscopic work showing that the 
zodiacal light is reflected sunlight has been fully confirmed by Mr. 
Fath at Mount Wilson (Lick Observatory Bulletin, No. 165); a 
notice of this latter work is given in the Jamaica Monthly Weather 
Review for June, 1909. It confirms my former conclusion that 
the zodiacal light is the debris of cosmic dust which remained after 
the formation of the planets of the solar system. 

The observations have been directed to the determination (1) of 
the geocentric longitudes and latitudes of points on the central axis 
of the zodiacal light, and (2) of its breadth at points whose geocentric 
longitudes at least are known. 
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In many cases the central axis is seen to paFs over stars, or midway 
between two stars, or nearer to one star than the other, and so the 
geocentric longitude and latitude of the point can be found from a 
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star map. In other cases stars are seen on the boundary of the 
zodiacal light on each side of the ecliptic, and the line joining such 
stars need not be at right angles to the ecliptic; the middle point of 
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the line will give the geocentric longitude and latitude of a point on 
the central axis, but care roust be taken to measure off the true 
breadth on the star map at right angles to the ecliptic. 

On the E branch the distance of such a point from the sun is the 
geocentric longitude of point minus the geocentric longitude of sun; 
on the W branch it is the geocentric longitude of sun minus the 
geocentric longitude of point. 

In the eighth column notes are given of the apparent quality of 
the night, and starlight is recorded as brilliant or bright or dim. 

In the ninth column K. denotes Kempshot, nearly' 1,800 feet above 
sea level; B. H. denotes Brandon Hill, a house near Montego Bay; 
and P. denotes Parkhurst, a house 4 miles to the north of Kingston, 
the two latter places having small elevations of 200 or 300 feet, but 
with good views of the sky. 

The time given is local mean time; this is only of consequence on 
1912, September 11 and 23, and October 19 and 20, when sketches 
were made of the hills on the horizon and the two places were marked 
where the boundaries of the vertical zodiacal light cut them, then a 
sextant wa8 used in daylight to find the angular distance between 
them, and hence the breadth of the zodiacal light, so many degrees 
above the horizon at the time noted. 

It is hoped that the notes are sufficiently full so that the observa- 
tions can be repeated, as it were, and the measures checked off on 
any star map. The}- were made at different times. The "Gegen- 
schein" is the same as the "counterglow;'' the "center'' is the 
same as '^central.'' Among the earliest observations of the series 
actual measurements were sometimes made of the breadth by means 
of a rough instrument devised for the purpose, but stars were subse- 
quently preferred, although many of thetn were faint and further 
care was required. 
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6. DOES THE ZODIACAL LIGHT COME PROM ANY 
PART OF THE EARTH'S ATMOSPHERE? 

Does the zodiacal light come from any part of the earth's atmos- 
phere? is the problem that interests meteorology. Now, the 
atmosphere of the earth undoubtedly extends much farther upward 
from the earth's surface than is popularly supposed. It is by no 
means likely that it is limited to a depth of two or three hundred kilo- 
meters, even though shooting stars and auroras indicate that to be 
the limit of its visible effect on them; they must have penetrated it 
long distances before heating up to visibility and burning tempera- 
tures. Our atmosphere is apparently connected through the so-called 
ether of space with the entire solar system. The zodiacal light, 
visible near the sun at sunrise and sunset, was for a time thought to 
belong to the earth's atmosphere; gradually our ideas enlarged, so 
that we were willing to acknowledge it as a complete ring of very deli- 
cate matter, either gaseous or dusty, revolving possibly around the 
earth or possibly around the sun, in which latter case it becomes a 
portion of the solar atmosphere, giving it a delicate nebulous ring. 

The preceding article and the previous observations and conclusions 
by Maxwell Hall seem now to settle many doubts on the subject. The 
fact that volcanic dust ascends to great heights and remains long in our 
atmosphere makes it quite plausible that the zodiacal light is simply 
.sunlight reflected to us by a ring of dust and gaseous matter that may 
have emanated from the sun and the planets, or, may have been left in 
the space occupied by the planetary system by the original nebulous 
matter out of which Laplace assumed the solar system to be formed. 
Laplace was led, by his profound knowledge of analytical mechanics, to 
calculate the position of a certain plane which he called the ' ^ invariable 
plane of the solar system." Assuming that there is uo other impor- 
tant planetary mass belonging to our system, he calculated that for 
the year 1800, so far as the planets were then known, this invariable 
plane had an inclination of 1° 35' to the plane of the earth's orbit, 
i. e., the ecliptic of that date, and had its agcending node at 102® 57'. 
Owing to the great mass of the planets Jupiter and Saturn the loca- 
tion of this invariable plane was not very different from that of a 
plane midway between the orbital planes of these two planets, since 
the orbit of Jupiter has an inclination to the ecliptic of 1° 19' and its 
ascending node is at 98° 54', whereas the orbit of Saturn has an incli- 
nation of 2° 29' and its ascending node is at 112° 22'. The plane of 
78 
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the sun's rotation itself is inclined 7** 15' and its node is at 73® 57'. 
Owing to the mutual attractions and perturbations of all the planets, 
their orbital planes, including that of the earth and the sun, vary 
continually in. their relations to each other; therefore the above figures 
relative to the plane of the earth's orbit must slowly change; especially 
have they been changed by the discovery of new large planets. 

Still it remains true that the invariable plane of the solar system, 
considered as a sort of equilibrium among the planes of the orbits 
of all the bodies of the solar system, will remain unchanged in absolute 
position, no matter whether new planets are formed or old planets 
broken up, so long as there be no change in the total mass of the 
system and no extraneous forces be brought to bear upon it. There 
Is therefore some plausibility in Mr. Maxwell HalFs suggestion that 
the present zodiacal light may be reflected from a residual delicate 
mass revolving about the sun in a plane that nearly coincides with 
the invariable plane of some previous geological age. Whenever, by 
spectroscopic means or otherwise, physicists are able to determine 
the linear velocity of motion of any part of the zodiacal light, as they 
have done for so many delicate comets and stars, we shall be able 
to locate the distance of some part of the zodiacal mass from the sun 
and thus give greater precision to the present hypothesis. It will 
not surprise me to learn that the distance of this mass from the sun 
lies between the earth and Mars, just as the planetoids lie between 
Mars and Jupiter, both having a similar origin. In any case it is 
important to understand the relations between the zodiacal light and 
the earth's atmosphere, even if we do eventually class it with other 
considerations that have been found unimportant in the present 
state of meteorology. 

Doubtless a slight variation in the brightness of the sun, inap- 
preciable to measurements made in the glaring light of daytime, 
would become appreciable to measurements of the brightness of 
the zodiacal light when the sun is below the horizon. Such measure- 
ments would thus contribute to our knowledge of the influence on 
our earth of variations in the solar radiation. One might hope for 
equally good results from observations of the brightness of the lunar 
disk were it not for the variations to which the albedo of the latter 
is subjected by every variation in the lunar surface and in the light 
reflected from the earth to the moon. We have therefore to thank Mr. 
Maxwell Hall for a persistent series of observations and an argument 
that has brought us one step further in our knowledge of the earth's 
atmosphere as well as of the complex solar system. 

Prof. Simon Newcomb, in his article on the zodiacal light (Ency- 
clopedia Britannica, eleventh edition, 1911, probably revised by 
Prof. Newcomb shortly before his death in 1909, as it includes 
references to Seeliger, 1906, and Maxwell Hall, 1906), inclines to 
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the view that observers using the polariscope and the spectroscope 
may have been deceived by the presence of an aurora in the sky, 
and that the direct proof that we have to do with reflected sunlight 
is still incomplete. He agrees with the conclusions of Prof. F. R. 
Moulton, of Chicago, that if the small particles circulate around the 
sun in nearly circular orbits immediately outside the earth, then the 
perturbations by the earth in the motions of the particles will result 
in their retardation in that part of the orbit nearest the earth, and 
therefore they will be always more numerous in a given space in this 
part of the orbit than in any other. This view seems to account for 
the special intensification of the light when the material reflects 
it at the proper angle. Newcomb leans to the belief that the zodiacal 
matter is an exceedingly tenuous gas rather than small solid particles, 
and that its axis of revolution is located between the axis of the 
sun's equator and that of the invariable plane of the solar system. 

The respective inclinations 7° 15' and 1° 35' of these planes to the 
ecliptic, taken in consideration with the longitudes of their nodes 73° 
57' and 102° 57', show a reasonable agreement with the inclination 
of the zodiacal light 1° 45' and its ascending node 105^°. 

[c. A., ED.l 
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7. FREE AIR DATA AT MOUNT WEATHER FOR APRIL, 

MAY, JUNE, 1913. 

By the Aerial Section. — ^Wh. R. Blair, in charge. 

[Dated November 5, 1913.] 

During this period 29 free air observations were made, all by 
means of kites. Observations were made on every occasion that 
gave promise of a 24 or more hour series and on '* international" days. 
On some occasions one kite flight only (on others more) was possible. 
The series of May 10 and 11 began at 6** 35" a. m. of the 10th and con- 
tinued until midnight of the 11th, or 41 J hours. The mean of the 
highest altitudes reached in the flights of this quarter is 3,200 meters 
above sea level. 

Whenever three or more successive flights have been made, a chart 
of the free air isotherms has been constructed. Two partial series, 
besides the long series mentioned, have been charted. Continuing 
the numbering of figures from the discussion of the last three months' 
data, figure 68 shows the free air isotherms observed in the six obser- 
vations of April 4. Figures 69a and 696 show the free air isotherms 
of the long series of May 10 and 11, while in figures 70 and 71, 72, 
73, and 74 the temperature, absolute humidity, wind direction and 
velocity, and the atmospheric electric potentials at levels 500 meters 
apart are charted. Figure 75 shows the free air isotherms observed 
in the three observations of June 12, 1913. On April 4 and on 
June 12 there were some clouds at altitudes above those reached by 
the kites. On May 10 and 11 there was intermittent cloudiness — the 
sky never being more than four-tenths covered — ^from the beginning 
of the series until 3 p. m. of the second day. These clouds were low, 
their bases being successively at the 1 kilometer, the 1^ kilometers, 
and higher levels. The isothermal charts for these dates are charac- 
teristic. The isotherms in figures 68 and 75 are fairly smooth curves. 
Those shown in figures 69a and 696 change level frequently and 
abruptly in the region of cloud formation and dissipation. 

Temperature data for two somewhat overlapping 24-hour periods 
have been taken from the observations of May 10 and 11. Tables 
XIX and XX show for these two periods, respectively, the corrected 
and smoothed hourly temperatures and the departures of the latter 
from the mean temperature of the day at the different levels. The 
curves representing the diurnal variation of temperature at different 
levels in each of these periods (figs. 70 and 71 » respectively) differ 
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slightly in that the level of least variation from the mean is at 1.5 
kilometers in the first and at 2 kilometers in the second. Both sets 
of curves show, level for level, the same general types of departure 
from the mean temperatures, and are like the temperature curves of 
preceding 24-hour series of temperature observations. The curves 
of absolute humidity (fig. 72) show little variation in the value of this 
element throughout the 41 hours. They are neither smoothed nor 
corrected for 24-hour changes. The winds were remarkably steady 
at all levels throughout the series of May 10 and 11 and, as shown in 
figure 73, began to change direction and to decrease in velocity 
almost simultaneously at the three lower levels. The electric poten- 
tials are higher on the second than on the first day of the series of 
observations, and the curves (fig. 74) show the usual nocturnal 
maximum. 

Tables foDow which show aU data obtained in each of the 29 
observations of the period, together with notes on the weather 
conditions. 
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Table XIX. — Free air temperatttres at Mount Weather, 9. SO a, m., May 10, to 9, SO a, m.. 

May 11, 191S. 



526 m. (sorface). 



Hour. 



1 

3 



I 

00 



1 
8 



*c. *c. 

la.m 2.1' l.*9 

2a.m 1.1, 1.5 

3a.m 1.3 • 1.1 

4a.iii 0.9" 0.9 

6a.m a5 0.6 

6-a.m 0.2 0.8 

7a.m 1.6' 1.8 

8a.m 3.6 3.2 

9a.m 4.4 4.5 

10a.m 5.6' 6.7 

lla.m 7.2' 6.7 

12 noon 7.2 7.5 

Ip.m 8.1 8.1 

2p.m 8.9, 9.0 

3p.nj 9.9 9.5 

4p. m 9.7 9.6 

5p.m 9.2 9.1 

6p.m 8.4 8.2 

7p. m 7.0 7.0 

8p.m 5.5 5.7 

9p. m 4.5 4.6 

lOp.m 3.8 3.9 

Ilp.m 3.3 3.2 

12midnlght 2.6 2.7 

Means 4.8 



-2.3 
-1.6 
-1.6 
-2.9 
-3.8 



1,000 m. 



I 

% 

a 

CO 



C. 
-2.1 
-1.8 
-2.0 
-2.7 
-3.4 



l^m. 



•C. 

-0.9 

-0.6 

-0.8 

-1.5 

-2.2 



I 



3.6 


-3.1 


-1.9 


2.0 


-2.9 


-1.7 


3.0 


-2.7 


-1.5 


3.2 , 


-3.3 


-2.1 


3.7 ' 


-2.7 


-1.5 


1.1 


-1.8 


-0.6 


0.7 


-1.0 


+0.2 


1.2 


-0.6 


+0.6 


0.1 


0.0 


+1.2 


1.2 


1.0 


+2.2 


1.7 1 


1.6 


+2.8 


1.8 


1.7 


+2.9 


1.7 


1.5 


+2.7 


0.9 ' 


0.8 


+2.0 


0.1 


0.2 


+1.4 


0.1 


-0.2 


+1.0 


0.5 


-0.7 


+0.5 


1.4 


-1.4 


-0.2 


2.3 


-2.0 


-0.8 


1.2 . 













2,000 m. 



Hour. 



•C. 

la. m —11.5 

2a.m —9.1 

3a.m -4.8 

4a.m —6.5 

5 a. m — 9. 7 

6 a. m — 5. 6 

7 a. m — 3. 6 

8a.m —7.3 

9a.m —8.0 

10 a. m —10.4 

lla.m -5.6 

12noon i — 7.8 

Ip. m — 13. 

2p. m -11.0 

3p.m —7.2 

4p. m —11.2 

5p.m —9.4 

• p.m —9.7 

7p. m —10.6 

8p. m —11.4 

9jp. m , —10.2 

lOp.m —7.7 

Ilp.m —8.9 

12mldnight -9.9 

Means — 8.7 



— 7.3 I 



1 

s 

a 



•c. 

10.2 

- 8.5 

■ 6.8 
• 7.0 

7.3 

- 6.3 

- 5.5 

- 6.3 

- 8.6 

- 8.0 

- 7.9 

- 8.8 
-10.6 
-10.4 

- 9.8 

- 9.3 
■10.1 

- 9.9 
-10.6 
■10.7 

- 9.8 

■ 8.9 

- 8.8 
■10.1 



•C. 

-1.5 

+0.2 

+1.9 

+1.7 

+1.4 

+2.4 

+3.2 

+2.4 

+0.1 

+0.7 

+0.8 

-0.1 

-1.9 

-1.7 

-1.1 

-0 6 

-1.4 

-1.2 

-1.9 

-2.0 

-1.1 

-0.2 

-0.1 

-1.4 



S 
I 



-12.1 

- 9.8 

- 7.1 

- 8.4 
-10.6 

- 7.1 

- 4.9 

- 7.7 

- 9.3 
-10.6 

- 7.3 

- 7.5 
-13.4 
-10.1 

- 7.4 
-13.1 
-13.8 
-10.4 
-10.7 
-12.0 
-12.0 
-10.8 

- 9.2 

- 9.6 

- 9.8 



2,600 m. 



1 
I 

CO 



09 

5 



•c. 

-10.5 

- 9.7 

- 8.4 

- 8,7 

- 8.7 

- 7.6 

- 6.6 

- 7.3 

- 9.2 

- 9.1 

- 8.5 

- 9.4 
-10.3 
-10.3 
-10.2 
-11.3 
-12.3 
-11.5 



•c. 

-0.7 
+0.1 
+1.4 
+1.1 
+1.1 
+2.3 
+3.2 
+2.6 
+0.6 
+0.7 
+1.3 
+a4 
-0.5 
-0.6 
-0.4 
-1.6 
-2.6 
-1.7 



-7.9 
-6.4 
-3.7 
-7.7 
-8.5 
-6.9 
-3.9 
-7.4 
-6.8 
-8.7 
-4.3 
-6.2 
-8.0 
-6.6 
-4.6 
-4.9 
-4.0 
-5.0 
-6.8 
-6.2 
-5.9 
-5.8 
-6.6 
-7.6 

-6.2 



8 

a 

OQ 



-7.3 

-6.0 

-5.9 

-6.6 

-7.7 

-6.4 

-6.1 

-6.0 

-7.6 

-6.6 

-6.4 

-6.2 

-6.9 

-6.4 

-5.4 

-4.5 

-4.6 

-4.9 

-6.7 

-6.0 

-6.0 

-6.1 

-6.7 

-7.4 



•a 

-1.1 

+0.2 
+0.3 
-0.4 
-1.6 
-0.2 
+0.1 
+0.2 
-1.4 
-0.4 
-0.2 

ao 

-0.7 
-0.2 
+0.8 
+1.7 
+1.6 
+1.3 
+0.5 
+0.2 
+0.2 
+0.1 
-0.6 
-1.2 



3,000 m. 



I 
I 

OQ 



-11.0 


-1.2 


-11.6 1 


-1.8 


-11.6 1 


-1.8 


-10.7 


-0.9 


- 9.9 ' 


-0.1 


-10.3 ! 


-0.6 



•c. 

-12.6 
-11.6 

- 9.3 

- 9.9 
-11.4 

- 8.5 

- 7.6 
-10.1 
-11.2 
-11.8 
-10.7 
-11.5 
-12.2 
-11.8 
-10.6 
-14.0 
-14.6 
-11.6 
-11.3 
-13.2 
-13.4 
-11.4 
-9.7 
-10.4 

-11.2 



•C. 
-11.6 
-11.2 
-10.3 
-10.2 

- 9.9 

- 9.1 
-8.7 

- 9.6 
-11.0 
-11.2 
-11.3 
-11.5 
-11.8 
-11.5 
-12.1 
-13.1 
-13.4 
-12.6 
-12.0 
-12.6 
-12.7 
-11.6 
-10.6 
-10.9 



•c. 

-0.3 
0.0 
+0.9 
+1.0 
+1.3 
+2.1 
+2.5 
+1.6 
+0.2 
0.0 
-0.1 

-a 3 

-0.6 
-0.8 

-a 9 

-1.9 
-2.2 
-1.3 
-0.8 
-1.4 
-1.6 
-0.3 
+0.7 
+0.3 



I 
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Tabls XX. — Vtu air temperatures at Mount Weather , 8. SO p. m., May 10, to 8. SO p. m., 

May 11, 191S. 



Hoar. 



la.m 

2a. m 

38.111 

4a. m 

5 a. m , 

6a. m 

7a. m 

8 a. m 

9a. m 

10 a. m , 

11 a. m 

12 noon 

lp.m 

2p.m 

3p.m 

4p.m 

6p. m , 

6 p. m. 

7p. m 

8p. m 

9p. m....l. 

10 p. m 

lip. m 

12midnl{^t. 



Means. 



sas m. (nrfMse). 




1,000 in. 






1,500 m. 




■ 


• 


. 


• 


i 


1 


• 


•8 


i 


1 


1 


\ 


1 


1 


I 


i 


1 




! S 


OQ 


a 


6 


1 




8 
•c. 


a 
•c. 


& 


•a 


•c. 


•a 


•a 


•c. 


•c. 


1 2.9 


2.8 


-2.6 


-1.4 


-1.1 


-0.6 


-7.2 


-6.6 


-1.0 


1.8 


2.2 


-3.2 


-0.8 


-1.1 


-0.6 


-6.0 


-5.6 


0.0 


1.8 


1.6 


-3.8 


-1.0 


-1.4 


-0.9 


-3.5 


-5.8 


-0.2 


1.3 


1.3 


-4.1 


-2.5 


-2.4 


-1.9 


-7.8 


-6.8 


-1.2 


0.7 


0.8 


-4.6 


-3.7 


-3.3 


-2.8 


-9.0 


-8.1 


-2.6 


' as 


0.9 


-4.9 


-3.6 


-3.2 


-2.7 


-7.6 


-7.2 


-1.6 


1.6 


1.8 


-3.6 


-2.3 


-3.1 


-2.6 


-4.9 


-7.r 


-1.4 


3.4 


3.1 


-2.3 


-3.4 


-3.2 


-2.7 


-8.6 


-7.'. 


-1 6 


4.2 


4.4 


-1.0 


-3.8 


-3.6 


-3.1 


-8.2 


-8 


-2.4 


5.5 


5.5 


+0.1 


-3.7 


-3.4 


-2.9 


-7.2 


-7.3 


-1,7 


6.8 


6.7 


+1.3 


-2 6 


-2.4 


-1.9 


-6.4 


-6 5 


-0.9 


7.7 


7.8 


+2.4 


-0 9 


-1.1 


-0.6 


-5.8 


-6 1 


-0.5 


1 8.9 


8.8 


+3.4 


0.2 


0.2 


+0.7 


-6.1 


-5.6 


0.0 


9.8 


9.8 


+4.4 


1.3 


1.2 


+ 1.7 


-4.9 


-4.9 


+0.7 


10.6 


10.3 


+4.9 


2.2 


2.1 


+2.0 


-3.8 


-3.9 


+1.7 


10.5 


10.5 


+5.1 


2.8 


2.7 


+3.2 


-3.1 


-3.4 


+2.2 


10.5 


10.1 


+4.7 


3.0 


3.0 


+3.5 


-3.3 


-3.3 


+2.3 


9.3 


9.2 


+3.8 


3.2 


2.9 


+3.4 


-3.5 


-3,4 


+2.2 


7.7 


8.1 


+2.7 


2.6 


2.6 


+3.1 


-3.3 


-3.6 


+2.0 


7.2 


6.9 


+ 1.5 


1.9 


2.0 


+2.6 


-3.9 


-3.8 


+1.8 


5.8 


6.0 


+0.6 


1.5 


1.5 


+2.0 


-4.2 


-4.1 


+1.5 


5.0 


5.1 


-0.3 


1.0 


0.8 


+1.3 


-4.3 


-4,6 


+1.0 


4.4 


4.3 


-1.1 


-0.1 


-0.1 


+0.4 


-5.4 


-5.4 


+0.2 


3.6 


3.6 


-1.8 


-1.2 


-0.9 


-0.4 


-6.6 


-6.4 


-0,8 


5.4 






-0.5 






-5.6 




1 










1 


1 



Hoar. 




la.m 

2a.m , 

3a. m , 

4 a. a 

5 a. m , 

6a. m 

7a. m 

8a.m , 

9a. m 

10 a. m , 

11 a. m , 

12 noon , 

1 p. m 

2 p. m. , 

3p. m , 

4p.m , 

5p. m , 

6 p. m , 

7p. m , 

8p. m , 

9p. m 

10 p, m , 

11 p. m , 

12 midnight. 

Means 



2,000 m. 



2,500 m. 



3,000 m. 



•a 

-12.0 

- 9.8 

- 5.7 
-7.7 
-11.1 

- 7.2 

- 5.5 

- 9.4 
-10.3 

- 9.0 

- 8.0 

- 8.6 
-12.0 
-11.2 

- 9.4 
-7.1 
-8.2 
-8.6 

- 8.1 

- 9.1 

- 9.7 
-7.4 

- 8.9 
-10.1 

- 8.9 



•c. 

-10.6 

- 9.2 

■ 7,7 

- 8.2 

- 8.7 

■ 7.9 
. 7.4 

- 8.4 

- 9.6 

■ 9.1 

■ 8.5 

- 9.5 
-10.6 
-10.9 

- 9.2 

■ 8.2 

- 8.0 

- 8.3 

- 8.6 

- 9.0 

- 8.7 
. 8.7 

- 8.8 
-10.3 



i 



■2 

s 

B 

OQ 



9 






•8 

I 



•a 

-1.7 
-0.3 
+1.2 

+a7 

+0.2 
+1.0 
+1.5 
+0.5 
-0.7 
-0.2 
+0.4 
-0.6 
-1.7 
-2.0 
-0,3 
+0.7 
+0,9 
+0.6 
+0.3 
-0.1 
+0.2 
+0.2 
+0.1 
-1.4 



•c. 

-12.9 
-11,0 

- 8.3 

- 9.6 
-12.0 

- 8.6 

- 6.6 

- 9.5 
-11.3 

- 9.6 

- 8.7 
-10.7 
-13.9 
-13.7 
-12.2 

- 9.3 
-12.0 
-12.3 
-10.2 
-11.8 
-12.5 
-11.5 
-10.0 
-10.5 

-10.8 



•C. 
-11.5 
-10.7 

- 9.6 
-10.0 
-10.1 

- 9.1 

- 8.2 

- 9.1 
-10.1 

- 9.9 

- 9.7 
•11.1 

12,8 
-13.3 
-11.7 
-11.2 
-11.2 
-11.5 
-11.4 
-11.5 
-11.9 
-11.3 
-10.7 
-11.1 



-11.1 I 



"C. 
-0.7 
+0 

+1 

+0.8 

+0.7 

+1 
+2 6 
+1.7 
+0.7 
+0.9 

+1.1 
-0.3 
-2.0 
-2.5 
-0.9 
-0.4 
-0.4 
-0.7 
-0.6 
-0.7 
-1.1 
-0.5 
+0.1 
-0.3 



1 
2 



7 - 



14.0 
13.0 
10.7 
11.4 
12.9 
10.0 
9.0 
11.6 
12.7 
12.3 
11.7 
13.6 
15.0 
14.4 
12.6 
12.7 
14.6 
14.9 
12.9 
11.7 
14.6 
12.7 
11.0 
11.8 



-1Z6 



—12.2 I 

I 



•c. 

■12.9 
-12.6 
■11.7 
11.7 
-11.4 
-10.6 
10.2 
-11,1 
-12.2 
-12.2 
-12.5 
-13.4 
-14.3 
-14.0 
-13.2 
-13.3 
-14,1 
-14.1 
■13.2 
-13.1 
-13.0 
-12.8 
-11.8 
-12.3 



•c. 

-0.8. 

ao 

+0.9 

+a9 

+1.2 
+2.0 
+Z4 
+1.5 
+0.4 
+0,4 
+0.1 
-0.8 
-1.7 
-1,4 
-0.6 . 

-a 7 

-1.5 
-1.5 
-0.6 
-0.5 
-0.4 
-0.2 
+0.8 

+a8 



BtAIB — ^FBBE JJR DATA. 
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RuuUs of free-air observations. 



On Mount Weather, Va., 528 m. I 



At different heights above sea. 



Date and hour. 



Apr. 4, 1013: 
First flight— 
6.45 A. m . . 
6.4A a. m . . 
6.50 a. ni. . 

6.52 a.m.. 
r».59 a. m.. 
7.09 a. m . . 
7.30 0. m.. 

7.53 a. m. . 
8.02 a.m.. 

8.15 a. m. . 
8.33 a. m . . 
H.35 a. m . . 
8.3A a. m . . 

8.42 a. m . . 

8.43 a.m.. 
K.44 a. m . . 

8.47 a. m . . 

8.48 a. m.. 
8.66 a. m.. 
9.14 a. m.. 

9.16 a. m.. 
9.28 a. m.. 
9.43 a. m . . 

9.48 a. m.. 

9.49 a. m.. 

9.50 a. m.. 
Second flight^ 

10.22 i\. m. . 
10.26 a. m.. 
10.27.1. m.. 
10.34 a. ra.. 

10.57 a. m. . 

10.58 a.m.. 
11.01 a.m.. 

11.03 a. m.. 

11.04 a. m.. 
11.13 a. m.. 
1 1.32 a.m.. 

12.04 p. m.. 

12.05 p. m.. 
12.07 p. m. . 

- 12.11 p. m.. 
12.12 p. m.. 
12.30 p.m.. 

12.41 p.m.. 

12.42 p. m. . 
12.44 p. m.. 
12.4.5 p 

12.46 p 

12.47 p 

12.48 p 



m.. 
m.. 
m.. 
m.. 




12.56 p.m..' 



fnm. 
715.9 
715.9 
715. 9 
715. 9 
715.9 
715.9 
716.0 
716. 1 
716.1 
716.1 
716.1 
716.1 
716.1 
716. 1 
716.1 
716.1 
716.1 
716.1 
716.1 
716.0 
716.0 
716.0 
715.9 
715.9 
715.9 
715.8 

715.8 

715.8 

715. 8 

715.7 

715.7 

715.7 

71.5. 7 

715.7 

715.7 

715.5 

715. a 

714.9 

714.9 

714.9 

714,9 

714. S 

714 

714 

714 

714 

714.4 

714.4 

714.4 

714.4 

714.3 



C. 

16.0 
16.0 
16.0 
16.0 
16.0 
16.0 
18.0 
16.0 
16.0 
16.0 
15.8 
15.8 
15.8 
15.9 
16.0 
16.0 
16.0 
16.0 
16.1 
16.2 
16.2 
16.2 
16.6 
16.6 
16.6 
16.6 

17.7 
17.5 
17.4 
18.0 
18.1 
18.1 
18.0 
18.0 
lv8.0 
18.1 
18.2 
18.6 
18.6 
18.7 
18,8 
18.8 
19.2 
19.5 
19.6 
19.6 
19.5 
19.5 
19.4 
19.4 
18.9 



\ 

75 
75 
75 
75 
76 
77 
77 



s. 
s. 
s. 
s. 
s. 
s. 
s. 
s. 



77 


s. 


77 


s. 


79 


?. 


79 


s. 


79 


s. 


78 


s. 


78 


s. 


78 


s. 


78 


R. 


78 


s. 


79 


s. 


78 


s. 



«/ s. 

77 I s. 
80 I s. 
79 s. 

78 , s. 
78 I s. 

I 
78 ; s. 
77 
77 
76 



s. 

8. 
S. 

76 i s. 
7C s. 

77 , s. 



76 
76 
76 
76 
78 
78 
76 
74 
74 
76 
71 
71 
71 
70 
70 
69 
69 
74 



s. 

s. 
s. 
s. 
s. 

.s. 
s. 
s. 
s. 
s. 
s. 
s. 
s. 
s. 
s. 
s. 
s. 



n.p.s 
0.3 
5.8 
5.4 
b.4 
4.9 
4.9 
4.9 
7.6 
5.8 
7.2 
8.5 
8.0 
8.0 
7.2 
7.2 
7.6 
7.6 
7.6 
7.2 
6.7 
5.8 
6.3 
6,7 
5.8 
5.8 
5.8 

7.6 

8.0 

8.0 

8.0 

8.9 

8.9 

7.2 

7.2 

7.6 

7.6 

8.0 

9.4 

8.0 

8.0 

8.0 

8.9 

7.6 

9.4 

8.5 

10.3 

10.3 

10.3 

10.3 

10.3 

11.6 



Height 



m. 
526 
696 
817 
1,012 
1,095 
1.675 
2.498 
3,178 
3.076 
3.888 
3.623 
3,582 
3,517 
3.409 
3,396 
3,372 
3..S44 
3,304 
3.042 
2.397 
2.273 

1 697 
1,052 

629 
588 
526 

526 

610 

799 

1,018 

2 046 
2.163 
2.305 
2.419 
2.449 
2.796 
3.462 
2.e08 
2 594 
2 594 
2.499 
2.471 
1,689 
1,197 
1,084 

987 
962 
962 
962 
892 
526 



Pres- 
ses. 



I 



tntn. 
715.9 
701.9 
691.9 
676.4 
669.9 
625.8 
566.7 
521.1 
528.0 
475.8 
491.4 
493.9 
498.0 
504.8 
505.6 
507.2 
509.0 
511.5 
528.8 
672.7 
581.6 
623.7 
673.2 
707.4 
710,8 
715. 8 

715.8 
708.9 
683.4 
676.8 
598.2 
590.0 
580.0 
572.1 
570.1 
546.4 
502.6 
557.6 
558.5 
558.5 
665.1 
567.1 
623.0 
660.5 
669.2 
676.8 
679. 
679.0 
679,0 
684.5 
714.3 




April 4, 191 S. — First flight- Five kites were used; lifting sur&ce, 31.5 sq. m. Wire 
out, 6,000 m.; at maximum altitude, 5,750 m. 

There were 10/10 St.-Cu. from the west-flouthweat. 

At 8 a. m. low preesuTe (752 mm.) was central over Lake H\iron. High preesure was 
central over the Bennudas (775 mm.), and over the lower St. Lawrence Valley 
(770 mm.). 

Second flight: Four kites were used; lifting surfoce, 24.2 sq. m. Wire out, 5,000 m.; 
at maTimum altitude, 4,900 m. 

There were 10/10 St.-Gu. from the weet-southweet. 
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Results of free-air observatians~Contin\xed, 



Date and hour. 



Apr. 4, 1913— 
Conunued. 
Third flight- 
1.22 p.m.. 
1.36 
1.63 
2.0ft 
2.14 
2.23 
2.27 
2.37 
2.56 
2.57 



m.. 

m.. 

m.. 

m.. 

in.., 

m.. 

m.. 

m.. 



P 
P 
P 
P 
P 
P 
P 

P 
p.m.. 

3.01 p. m. . 
3.03 p.m.. 

3.29 p. m. . 

3.40 p.m.. 
3.48 p. m.. 

Fourth night- 

4.34 p.m.. 
4.44 p. m. . 
4.58 p.m.. 
5.15 p.m.. 

5.26 p.m.. 
5.84 p.m.. 
bM-p.va... 
5.37 p.m.. 

5.41 p.m.. 

6.02 p.m.. 
6.23 p.m.. 

6.35 p.m.. 
6.41 p.m.. 

Fi/lhjfiglU— 
7.06 p.m.. 
7.15 p.m.. 
7.35 p.m.. 

7.27 p.m.. 

7.28 p.m.. 

7.30 p. m 
7.32 p. m 
7.50 p. m 
7.57 p. m 
8.14 p 



On Mount Weather, Va., 526 m. 



.1 



•I 



8.17 
8.45 
9.08 
9.20 
9.30 



m... 
m... 
m... 
m... 
m... 
m... 



Pres- 
sure. 



Wind. 



ntn. 
714.1 
714.0 
713. 9 
7W.9 
713.9 
713. 9 
713. 9 
713. 8 
713. 8 
713. 8 
713.8 
713.8 
713.6 
713.6 
713.5 

713.3 
713.3 
713.3 
713.3 
713.3 
713.3 
713.3 
713.3 
713.3 
713.3 
713.4 
713.4 
713.4 

713.5 
713.5 
713.5 
713.5 
713.5 
713.6 
713.6 
713.6 
713.6 
713.6 
713.6 
713.7 
713.7 
713.8 
713.8 



Tem- jj^i 



Direc-jVeloo' 
tion. ity. 



C. 

19.9 
20. s 
20.1 
20.2 
20.1 
20.3 
20.4 
20.4 
20..'> 
20.5 
20.5 
20.5 
21.0 
21.2 
21.0 

21.4 
21.0 
21.2 
21.4 
21.2 
21.3 
21.3 
21.2 
21.1 
20.4 
20.4 
20.0 
19.8 

19.8 
19.8 
19.6 
19.6 
19.6 
19.6 
19.5 
19.5 
19.4 
19.3 
19.3 
19.2 
19.0 
18.9 
18.4 < 



66 
66 
68 
68 
68 
fi8 
67 
64 
64 
63 
62 
60 
59 
60 



S. 
s. 
s. 
s. 
s. 
s. 
s. 
s. 
s. 
s. 
s. 
s. 
s. 
s. 
s. 



o6 ssw. 
60 i ssw. 

56 ssw. 

57 i 6. 
52 , 8. 
57 8. 
57 
57 
57 

63 s. 
63 8. 
62 s. 
62 ! 8. 



8. 

8. 

s. 



62 
62 
62 
62 
62 
62 



8. 

8. 
8. 
8. 
S. 
8. 



62 I s. 



64 


8. 


64 


SSW. 


64 


ssw. 


64 


ssw. 


66 


88W. 


68 


8W. 


71 


8W. 



in.p.9. 
4:9 
10.3 
10.7 
11.2 
7.6 
10.3 

, 10.7 

, 10.7 
9.4 

' 9.4 
7.2 
9.4 

, 11.6 

8.0 

12 5 

9.4 

I 6.7 

10.3 

7.6 

, 10.3 

8.9 

8.9 

6.7 

8.5 

10.7 

9.4 

9.4 

7.2 

7.2 
8.0 
9.4 
9.4 
8.9 
7.6 
7.6 
8.0 
8.0 
7.6 
6.3 
5.4 
5.4 
6.7 
4.5 



At different heights above sea. 



Height 



m. 

S26 

1.586 
2. ,135 
2,480 



866 
<M6 
219 
WJ2 
2.777 
2 672 
2 :)76 

i.sirt 
:2:i 

1 026 
1,690 
3,166 
3,600 
3,535 
3,475 
3.459 
3,382 
2,669 
1,646 
962 
526 

526 
1,010 
1,556 
1,556 
1,543 
1,672 
1,683 
2,387 
2,570 
3,044 
2,992 
2,356 
1,490 
898 
526 



Pres- 
sure. 



Tem- 
pera- 
ture. 



Humidity. 



Rel. Abs. 



Wind. 



mm. 
714. 1 I 
681.0 
630.3 
576.0 
566.0 . 
539.9 I 

534.6 I 

516.3 ' 
539.1 
544.5 
551.9 I 

f29.2 
^77.7 
713. o 

713.3 

673.0 ; 

622.5 

520.1 

491.1 

493.9 

497.6 

498.6 

503.3 

550.8 

624.7 

678.0 

713.4 

713.5 
674.5 . 
632.4 

632.4 I 
633.4 
631.3 
622.8 
571.7 
55&9 
525.8 ,• 
528.4 • 

572.7 '- 

636.7 ' 
683.4 

713.8 1 



r. 

19.9 

15.9 

12.2 

F*.6 

7.3 

4.4 

4.4 

0.3 

2.5 

1.7 

3.2 

1.9 

10.1 

15.0 

21.0 

21.4 
17.4 
12.1 

- 1.0 
■ 3.0 

- 2.8 

- 3.5 

- 2.9 

- 5.2 

- 1.2 
7.8 

14.0 
19.8 



% y/ctt.m.j 
11.2 



84 
72 
80 
68 
70 
C9 
68 
73 
76 
76 
84 
7fi 
79 
60 

56 
57 
60 
09 
64 
63 
63 
64 
68 
74 
71 
67 
62 



11.3 
7.7 
5.6 
5.3 
4.5 
4.5 
3.4 
4.2 
4.1 
4.6 
4.6 
7.1 
10.0 
10.9 

10.4 
8.4 
6.4 
3.1 
2.4 
2.4 
2.3 
2.5 
2.2 
3.3 
5.8 
8.0 

10.5 



19.8 


62 


10.5 


16.8 


67 


9.5 


11.6 


71 


7.3 


11.8 


70 


7.3 


11.3 


71 


7.2 


11.4 


72 


7.3 


10.6 


73 


7.1 


0.9 


95 


4.9 


0.9 


88 


4.5 


4.3 


80 


2.7 


4.3 


83 


2.9 


0.2 


85 


4.0 


8.5 


86 


7.3 


13.9 


74 


8.8 


18.4 


71 


11.1 



Dir. 



s. 

ssv. 

sw. 

W8W. 
WSW. 

wsw. 

w.sw. 

wsw. 

wsw. 

wsw. 

wsw. 

wsw. 

sw. 

sw. 

s. 

ssw. 

sw. 

wsw. 

wsw. 

wsw. 

wsw. 

wsw, 

wsw. 

wsw. 

wsw. 

8W. 

sw. 



8. 
8. 

sw. 

8W. 

sw. 

SW. 

sw. 

sw. 

sw. 

sw. 

sw. 

wsw. 

sw. 

sw. 

sw. 



P.D. 
-I kite 
and 
earth. 



Vel. 






m.p.8. 
4.9 
16.6 
20.6 
17.6 
23.6 
24.5 
26.2 

23.9 
21.8 
22.6 
21.8 
15.7 
16.8 



V0U9. 

6 


170 
170 
450 
515 
540 
340 
290 
220 
170 





9.4 


•---«• 


18.2 





17.7 







270 




460 




450 




430 




420 




340 


19.0 


leo 


13.0 





17.5 





7.2 




7.2 





16.5 
15.1 
15.1 
15.1 
16.1 
15.2 
16.1 
16.9 



14.3 

12.0 

10.4 

4.5 

















60 

170 

160 





170 



Third flight: Four kites were used; lifting surface, 24.2 sq. m. Wire out, 5,000 m. 
at maximum altitude, 4,800 m. 

There were 10/10 St.-Gu. from the west-southwest till about 1.50 p. m.; 6/10 A.-St. 
aud 4/10 St.-Gu. from the west-southwest till about 3.40 p. m.; thereafter there were 
4/10 Ci. and 4/10 St.-Cu. from the west-southwest. 

Fourth fiigJU: Four kites were used; lifting surface, 24.2 sq. m. Wire out, 4,500 m.; 
at maximum altitude, 4,250 m. 

Ci. from the west and St.-Ou. from the southwest varied from 7/10 to 8/10. 

Fifth flight: Four kites were used; lifting surface, 24.2 sq. m. Wire out, 5,000 m., 
at maximum altitude. 

There were 3/10 Ci. from the west and 4/10 St.-Gu. from the southwest till about 
7.45 p. m.; thereafter, St.-Cu. from the southwest varied from 8/10 to 10/10. 
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Results of free-air observations — Continued. 



Date and hour. 



On Mount Weather, Va., 526 m. 



A.t different heights above sea. 



Pres- 
sure. 



971771. 

713.9 
713.9 

713.9 12.0 
713.9 I 11.8 
713.9 



722.6 


25.1 


722.5 


25.4 


722.5 


25.4 


722.6 


25.4 


721.8 


25.4 


721.7 


25.4 


721.7 


25.4 


721.7 


25.4 


721.7 


25.4 


717.6 


21.0 


717.5 


20.8 


717.5 


20.6 


717.5 


20.6 


717.4 


21.8 


716.9 


23.5 


716.8 


23.6 


716.8 


24.6 




21.0 


56 


20.7 


48 


20.9 


47 


20.5 


45 


19.1 


38 


14.8 


36 


18.6 


44 


24.6 


44 



10.2 
8.6 
8.5 
7.9 
6.2 
4.5 
6.9 
9.8 



wnw. 

nw 

nw. 

nw. 

nw. 

nw. 

nw. 

wnw. 



"6." 7' 


\i 


7.2 




».8 





8.8 










11.6 






Apr. 4, 1913- 

Continued. 

5toA flight— 

10.33 p.m.. 

10.37 p. m. . 

10.44 p. in. . 

11.10 p.m.. 
11.22 p.m.. 

May 5, 1913: 
1.34 p.m... 

1.46 p.m... 

1.47 p.m... 

1.49 p.m... 
2.45 p.m... 

2.50 p.m... 

2.51 p. m. . . 

2.52 p. m. . . 

2.53 p.m... 
May 6, 1913: 

10.06 a.m.. 

10.11 a.m.. 
10.14 a.m.. 
10.16 a.m.. 
10.43 a.m.. 
11.66 a.m.. 
12.19 p. m. . 
12.30 p.m.. 

Sixth flight: Two kites were used; lifting surface, 11.6 sq. m. Wire out, 1,600 m.; 
at maximum altitude, 1,250 m. 

There were 10/10 St.-Cu. from the southwest. Rain began at 10.36 p. m. 

Two kites were used; lifting surface, 14.6 sq. m. Wire out, 900 m.; at maximum 
altitude, 600 m. 

There were 7/10 Ci. from the west-northwest till 2.30 p. m.; thereafter, 7/10 Ci. 
and Ci.-Cu. from the west-northwest. 

High pressure (772 mm.), central off Nova Scotia, covered the Atlantic Coast States. 
Pressure was low over the Mississippi Valley, with centers over Ontario (762 mm.) 
and over Kansas and Oklahoma (762 mm.). 

Five kites were used; lifting surface, 34.0 sq. m. Wire out, 4,100 m.; at maximum 
altitude, 2,350 m. 

There were 2/10 A.-Cu. from the west-northwest and dense haze. 

High pressure (774 mm.) was central over the upper Missouri Valley. Low pressure 
(758 mm.) was central over Quebec. 



13.8 

8.5 
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Results of free-air observatious — Continued. 





On Mount Weather, Va., 526 m. 




A1 

Pres- 
sure. 


t different heights above sea 


• 




Date and hour. 


, Pres- 
sure. 


Tem- 
pera- 
ture. 


\ Wind. 

Rel. : 

**"™- Dlreo- 1 Veloc- 
tlon. ity. 


Height 


Tem- 
pera- 
ture. 


Humidity. 
Rel.' Abs. 


Wind. 
Dlr. Vel. 


1 

P.D. 
kite 
. and 
earth. 


May 7, 1913: 


1 1 
mm. . C. 


% 


m.p.t. 


m. 


mm. 


C. 


% 


glcu.m. 




m.p.9. 
7.2 


Voltt. 


8.15 a.m.. 


717.7 ' 12.0 


49 


nnw. 


7.2 


526 


717.7 


12.0 


49 


5.2 


nnw. 




8.27 a.m.. 


, 717.7 12.0 


46 


nnw. 


8.9 


826 


692.4 


8.2 


55 


4.6 


nnw. 


12.9 


6 


8.52 a.m.. 


717.7 12.3 


51 


nnw. 


8.5 


1.584 


631.5 


5.3 


82 


5.7 


nw. 


9.4 


640 


8.59 a.m.. 


717. 7 12. 1 


48 


nnw. 


8.5 


1,980 


601.2 


0.2 


79 


1 5.8 


wnw. 


11.8 


810 


9.17 a.m.. 


717.8 12.3 


52 


nnw. 


9.8 


2.663 


553.4 


1.2 


81 


! 4.3 


w. 


13.3 


1,280 


9.43 a.m.. 


717.8 13.6 


45 


nnw. 


8.n 


3,449 


501.2 


- 7.3 


97 


2.6 


w. 


14.9 


1.550 


10.27 a.m.. 


717. 9 13. 2 


46 


nnw. 


7.6 


4.088 


460.8 


-11.9 


93 


1.7 


w. 




1.685 


10.53 a.m.. 


718.0 13.6 


43 


nnw. 


8.0 


3.316 


508.7 


-7.7 


95 


2.5 


w. 




1,240 


11.12 a.m.. 


717.9 13.4 


39 


nnw. 


9.4 


2,664 


552.4 


- 0.5 


69 


1 3.2 


wnw. 




730 


11.20 a.m.. 


717.9 13.4 


45 


nnw. 


7.6 


2.514 


562.9 


- 0.5 


72 


3.3 


wnw. 


12.' 2' 


630 


11.28 a.m.. 


717.9 ; 13.3 


46 


nnw. 


7.6 


2.094 


593. 


3.3 


72 


4.4 


wnw. 


13.4 


420 


11.35 a.m.. 


717.8 13.4 


41 


nnw. 


8.0 


1.939 


604.3 


3.3 


77 


4.7 


nw. 


13.1 


400 


11.37 a.m.. 


717.8 13.4 


40 


imw. 


H.9 


1.749 


618.8 


?.5 


78 


4.5 


nw. 


11.0 


360 


11.41 a.m.. 


717. 8 13. 4 


38 


nnw. 


8.5 


1.447 


642.2 


3.3 


52 


3.1 


nw. 


lo.l 


300 


11.45 a.m.. 


717.8 13.4 


38 


nnw. 


8.0 


1.40o 


64.'>.4 


4.3 


46 


3.0 


nw. 


12.4 


260 


11.47 a. m.. 


717.8 13.5 


38 


nnw. 


8.0 


1.377 


647. 6 


3.6 


45 


2.8 


nw. 


12.8 


250 


11.58 a.m.. 


717.7 13.6 


39 


nnw. 


8.9 


S9M 


»wr.. 9 


8.1 


44 


3.6 


nnw. 


12.2 





12.07 p.m.. 


717.7 13.4 


41 


nnw. 


' 7.2 


520 


717.7 


13.4 , 


41 


4.7 


nnw. 


7.2 




May 8. 1913: 














1 












4.31p.m.. 


720.2 18.1 


42 


sc. 


, 8.5 


526 


720.2 


18.1 1 


42 


6.4 


se. 


8.5 




4.43 p.m.. 


720.2 18.3 


44 


se. 


7.2 


942 


685.9 1 


14.1 


43 


5.2 


' se. 


8.4 


■■■■'6 


5.45 p.m.. 


720.0 16.9 


41 


se. 


6.3 


1,564 


636.3 


7.1 


49 


.3.8 


s. 


8.0 


950 


6.52 p.m.. 


720.0 15.2 


51 


se. 


7.2 


2.218 


586.9 


0.3 


60 


3.0 


ssw. 


9.4 


1,240 


8.40 p.m.. 


720.1 12.9 


68 


se. 


S.O 


3,315 


511.3 


-4.2 


40 


1.4 


sw. 


9.6 




9.20 p.m.. 


720.2 12.4 


68 


SC* 


8.0 


2,733 


550.5 


- 1.7 : 


39 


1.6 


sw. 


12.8 


'i,'476 


9.31 p.m.. 


720.3 12.2 


73 


se. 


8.5 


2. 151 


591.9 


2.0 


64 


3.5 


ssw. 


9,8 


1,020 


9.34 p.m.. 


720.3 12.2 


74 


se. 


8.0 


1,084 


604.1 


2.0 


67 


3.7 


ssw. 


9.7 


880 


9.38 p.m.. 


720.3 12.1 


75 


sc. 


7.6 


1,929 


608.2 


3.6 


68 


4.2 


ssw. 


10.6 


890 


9.59 p.m.. 


720.3 1 12.0 


75 


se. 


8.9 


1,219 


6(\3.1 


10.3 


59 


5.6 


se. 


14.0 


565 


10.19 p.m.. 


720.3 ! 


11.7 


78 


SP. 


8.0 


526 


720.3 


11.7 ' 


78 


8.1 


se. 


8.0 





May 7, 191S. ^-Seveii kites were used ; lifting surface, 46. 1 sq. m. Wire out. 7,300 m. ; 
at maximum altitude, 6,000 m. 

Ci.-St., A.-St., and St.-Cu. from the west, varied from 10/10 to 7/10 before 11 a. m. 
Thereafter, there were 9/10 St.-Cu. from the west. Altitude of St.-Cu. increased from 
3,700 m. at 10.01 a. m. to 4,000 m. at 10.35 a. m. The head kite was in the base of 
St.-Cu. at 10.01 and at 10.35 a. m. 

High pressure (777 mm.), central over Lake Superior, covered the eastern United 
States. Ix)w pressure (758 mm.) was central off Nova Scotia. 

May 8, 191S. — Six kites were used; lifting surface, 40.<S sq. m. Wire out, 6,000 m.; 
at maximum altitude, 4,650 m. 

There was light haze. 

High pressure (773 mm.), central over Manitoba, and (771 mm.) central over the 
St. Lawrence Vallev, covercJ the cmintrv ea^t of the Rockies. 
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Results of free-air observations — Contiiiued. 



Date and hour. 



On Mount Weather, Va., 526 m. 



At different heights above sea. 



I -r 









Wind. 1 




' 




Humidity. 


Wind. 


T> T\ 


Pres- 
sure. 


Tem- 
pera- 
ture. 


Rel. 
hum. 


Direc- 
tion. 


Height: 
Veloc' 1 
ity. 

m.p.8. fn. 


Pres- 
sure. 

mm. 


Tem- 
pera- 
ture. 

1 






Dir. 


1 IT, U. 
1 \..t*.^ 


ReL 

% 


Abs. 

_ 

glcvkjm. 


Vel. 


JkibC 

and 
earth. 

VoUs. 


nvn. 


C. 


% 




C. 


m.p.8. 


719.8 


13.9 


55 j w. 


7.2 


526 


719.8 


13.9 


5,5 


6.5 


w. 


1.2 


719.8 


14.2 


.')4 W. 1 


7.6 


«69 


707. H 


13.2 


55 


6.3 


V,T1W. 


8.3 1 


719.8 


14.2 


54 1 w. 


6.7 


681 


706.7 


13.9 


54 


6.4 


wnw. 


8.3 1 


719.9 


14.6 


56 W. 


6.7 


912 


687.8 


13.0 


52 


5.8 


wnw. 


9.3 


719.9 


15.0 


58 ' w. 


5.8 


994 


681.2 


13.8 


48 


5.7 


wnw. 


10.5 


720.0 


14.8 


59 1 vnw. 


6.3 


1,503 


641.2 


11.0 


41 


4.1 


wnw. 


&2 


560 


720.0 


15.4 


, 57 wnw. 


8.0 


1,781 


620.2 


8.1 


42 


3.5 


wnw. 


8.2 


730 


720.0 


16.1 


' 53 


wnw. 


8.0 


2,834 


545.2 


0.2 


42 


2.1 


w. 


14.2 


1,780 


72a 


16.2 


53 


wnw. 


6.3 


3,199 


520.7 


- 3.4 


37 


1.4 


w. 


14.7 


1,550 


720.0 


16.6 


53 


wnw. 


4.9 


3,374 


509.6 


-6.2 


37 


1.1 


w. 


12.6 


1,930 


720.0 


17.3 


49 


wnw. 


7.6 


3.856 


478.9 


- 9.9 


46 


1.0 


w. 


19.4 


2.210 


720.0 


18.0 


' 46 


wnw. ( 


4.0 


4,490 


440.3 


-15.4 


46 


0.6 


w. 


22.6 ...... 


719.9 


19.2 


42 


wnw.' 


7.2 


3,880 


476.5 


-11.1 


52 


1.0 


w. 


22.4 1,530 


719.8 


19.7 


41 


WJIW. j 


4.9 


3,355 


509.6 


- 4.9 


50 


1.6 


w. 


18.8 ' 1,080 


719.8 


20.0 


41 


wnw. 


4.9 


3,306 


512.9 


- 4.0 


46 


1.6 


w. 


18.8 , 1,000 


719.7 


20.1 


40 1 nnw. 


4.9 


3.226 


518.0 


- 3.1 


46 


1.7 


w^. 


28.0 1 900 


719.7 


20.2 


40 


nnw. 


4.9 


3,146 


523.2 


- 3.4 


49 


1.8 


w. 


17.9 780 


719.7 


20.4 


39 


nw. 


6.3 


2,662 


556.3 


- 3.0 


47 


1.8 


w. 


13.0 540 


719.7 


1 20.4 
20.4 


; 39 
39 


nw. 
nw. 


6.3 
6.3 


2,399 
2,330 


574.5 
579.5 


- 3.2 

- 0.8 


58 
62 


2.2 
2.8 


w. 
w. 


......I...... 


719.6 


13.2 1 


719.0 


18.9 


41 


nw. 


6.3 


526 


719.0 


18.9 


41 


6.6 


nw. 


6.3 1 


720.2 


2.7 


67 


nw. 


14.8 


526 


720.2 


2.7 


(.7 


3.9 


nw. 


14.8 1 


720.2 


2.8 


72 


nw. 


13.0 


938 


684.0 


- 3.0 


80 


3.1 


nnw. 


16.2 900 


720.2 


1 2-» 


' 71 


nw. 


11.2 


1,115 


668.8 


- 5.8 


82 


2.5 


nnw. 


, 17.6 


1,110 


720.2 


' 3.0 


70 


nw. 


10.7 


1,245 


657.9 


- 4.0 


62 


2.2 


nnw. 


17.6 


1,060 


720.2 


, 3.1 


69 


nw. 


10.7 


1,349 


649.3 


- 3.8 


46 


1.6 


nnw. 


18.5 


1,010 


720.2 


' 3.1 


68 


nw. 


11.2 


1,350 


649.3 


- 1.2 


30 


1.3 


1 nnw. 


17.6 


1,010 


720.2 


1 3.3 


66 


nw. 


12.1 


1,883 


607.2 


- 3.0 


. 22 


0.8 


nnw. 


15.4 


1,430 


720.2 


3.2 


68 


nw. 


10.3 


2,531 


559.5 


- 2.8 


19 


0.7 


nnw. 


18.5 


1,840 


720.2 


. 3.2 


62 


nw. 


13.0 


3,667 


480.8 


-11.1 


10 


0.2 


nw. 




3,550 


720.2 


: 3.4 


64 


nw. 


11.2 


2,992 


527.0 


- 6.8 


8 


: 0.2 


1 nw. 


'26.' 2' 


2,040 


720.1 


^ 3.7 


61 


nw. 


8.9 


2,508 


554.0 


- 4.9 


6 


1 0.2 


nnw. 


20.9 


1,740 


V20.1 


i 3.4 


64 


nw. 


10.3 


2,279 


577.0 


- 4.9 


1 4 


' 0.1 


nnw. 


21.8 


1,475 


720.1 


1 3.9 


62 


nw. 


9.8 


2,119 


588.9 


- 3.9 


4 


1 0.1 


nnw. 


20.7 


1,355 


720.1 


1 4.4 


60 


nw. 


9.4 


1,850 


600.3 


- 3.8 


4 


0.1 


nnw. 


20.7 


1,005 


720.1 


, 4.8 


58 


nw. 


10.7 


1,587 


630.1 


- 6.8 


10 


0.3 


nnw. 


18.5 


675 


720.1 


' 4.9 


56 


nw. 


10.7 


1,633 


1 634.4 


- 5.2 


10 


, 0.3 


nnw. 


16.8 665 


720.1 


, 4.9 


56 


nw. 


9.4 


1,403 


! 645.0 


- 6.8 


! 20 


' 0.6 


nnw 


■ 580 


720.1 


i 5.4 


64 


nw. 


8.5 


991 


1 679.7 


- 3.2 


62 


2.3 


nnw. 


1 


720.1 


' 5.6 


53 


nw. 


10.7 


526 


1 720.1 


5.6 


53 


3.7 


1 nw. 


10.7 





May 9, 1913: 
7.56 a.m.. 

8.02 a. m.. 

8.03 a.m.. 
8.19 a.m.. 
8.28 a.m.. 
9.03 a.m.. 
9.49 a.m.. 
9.59 a.m.. 

10.09 a.m.. 
10.27 a. m. . 
10.45 a.m.. 
10.58 a. 91.. 
11.24 a.m.. 
11.43 a.m.. 
11.49 a.m.. 
11.52 a.m.. 
11.51 a.m.. 
12.01p.m.. 
1?.03 p. m. . 

12.10 p.m.. 
3.54 p.m.. 

May 10, 1913: 
First fUght— 
6.35 a. m... 
6.57 a.m... 
7.00 a.m... 
7.02 a.m... 
7.04 a.m... 
7.14 a.m... 
7.22 a.m... 
7.30 a.m... 
7.53 a.m... 
8.19 a.m... 
8.33 a.m... 
8.46 a.m... 
8.51a.m... 
8.56 a.m.. 
9.01a.m... 
9.04 a.m... 
9.06 a.m... 
9.19 a.m... 
9.33 a.m... 

May 9, 1913. — Seven kites were used ; lifting surface, 46.6 sq. m. Wire ou t , 6,^ 00 m. ; 
at maximum altitude, 6,400 m. 

Gi. and Ci.-St., from the west, varied from 3/10 to 5/10 till about 10 a. m. There- 
after there were 3/10 Ci. from the west and a few Cu. from the west- northwest. There 
was light haze. A solar halo was observed at 10.27 a. m. 

High pressure (778 mm.), central over the Dakotas, extended southward to the 
middle Atlantic coast. Pressure was low (762 mm.) over Quebec. 

May lOf 1913. — First flight: Four kites were used; lifting surface, 26.2 sq. m. Wire 
)ut, 4,600 m.; at maximum altitude, 4,400 m. 

After 7 a. m. there were from 3/10 to 2/10 St.-Cu. from the north-northwest. A 
few Ci.-Gu., from the west-northwest, observed at 6.35 a. m., disappeared before 8 
a. m. The head kite was in St.-Cu., altitude 1,100 m., at 7.10 and again at 9.19 a. m. 

At 8 a. m. high pressure (777 mm.), central over Wisconsin, dominated conditions 
east of the MissiaBippi River. 
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BULLETIN OF THE MOUNT WEATHEB OBSEBVATOBT. 



Results offree-^ir observations — Continued. 





On Hoont lA 

^' EST 

\ 

1 


leather, Va., I 

\ Wij 

Rel. 

^"™- Direc- 
tion. 


i26m. 




At diiTerent heights above sea, 






Date and hour. 


ad. 

Veloo 
ity. 


Height 


Prea- 
sure. 


Tem- 
pera- 
ture. 


Humidity. 


Wii 
Dir. 


Id. 
Vel. 


P.D. 

kite 

and 

earth. 




Rel. 


AbA. 


May 10, W13— 














Continued. 


























Second flight— 


mm. 


C. 


S2 nw. 


m,p.s. 


in. 


mm. 


C. 


% 


gfeu.m. 




m.p.s. 


VoUt. 


10.02 a. m.. 


720.1 


5.8 


11.2 


526 


720.1 


5.8 


52 


3.7 


nw. 


11.2 




10.20 a. m.. 


720.0 


6.1 


42 nw. 


11.2 


805 


687.9 


- 1.7 


55 


2.3 


nnw. 


11.8 


6 


10.30 a.m.. 


719.9 


6.2 


40 nw. 


14.3 


1,450 


640.3 


- 7.3 


54 


1.4 


nnw. 


22.5 


940 


10.36 a.m.. 


n9.9 


6.6 


38 nw. 


12.5 


1,696 


621.4 


- 2.9 


35 


1.3 


nnw. 


20.2 


1,110 


10.44 a.m.. 


719.8 


7.1 


38 nw. 


12.1 


1,936 


602.8 


- 3.1 


26 


1.0 


nw. 


20.4 


1,270 


10.50 a. m.. 


719.7 


7.4 


30 ' nw. 


13.9 


2,682 


548.3 


-6.4 


19 


0.5 


nw. 


19.3 


1,765 


11.16a.m.. 


719.6 


7.3 


36 nw. 


13.4 


3,471 


494.8 


-12.9 


18 


0.3 


nw. 


21.0 


3,100 


11.48 a.m.. 


719.5 


7.9 


34 nw. 


15.2 


2,725 


544.6 


-6.8 


16 


0.4 


nw. 


20.2 


1,505 


11.54 a.m.. 


719.4 


7.6 


36 nw. 


12.5 


2,616 


552.0 


- 6.0 


14 


0.4 


nnw. 


20.4 


1,505 


11.59 a.m.. 


719.4 


7.4 


38 nw. 


12.6 


2,435 


565.0 


-6.7 


13 


0.4 


nnw. 


19.6 


1,360 


12.a5p.m.. 


719.4 


8.0 


33 nw. 


12.5 


2,250 


578.7 


- 6.1 


12 


0.4 


nnw. 


21.0 


1,240 


12.10 p.m.. 


719.3 


8.0 


35 nw. 


17.0 


2,088 


590.6 


- 5.9 


12 


0.4 


nnw. 


19.5 


1,060 


12.11 p.m.. 


719.3 


8.1 


35 nw. 


17.0 


1,955 


600.8 


- 8.9 


13 


0.3 


nnw. 


19.5 


915 


12.14p.m.. 


719.3 


8.1 


36 nw. 


16.1 


1,876 


606.9 


- 6.9 


14 


0.4 


nnw. 


18.7 


830 


12.15 p.m.. 


n9.3 


8.1 


37 nw. 


16.1 


1,825 


611.0 


- 7.5 


14 


0.4 


nnw. 


18.7 


765 


12.18 p.m.. 


719.2 


8.3 


36 I nw. 


11.2 


1,404 


644.7 


- 5.9 


22 


0.7 


nnw. 


13.9 


240 


12.35 p.m.. 


719.1 


8.3 


38 1 nw. 


17.0 


940 


683.5 


0.1 


42 


2.0 


nnw. 


12.2 


10 


12.46 p.m.. 
^hird flight— 


719.0 


8.0 


33 nw. 


13.4 


526 


719.0 


8.0 


33 


2.7 


nw. 


13.4 








1 




















1.25 p.m... 


718.9 


8.9 


34 i nw. 


13.4 


526 


718.9 


8.9 


34 


3.0 


nw. 


13.4 




1.33 p.m... 


718.8 


9.1 


31 nw. 


12.1 


1,013 


677.2 


0.5 


38 


1.9 


nnw. 


10.9 


6 


1.50 p.m... 


718.8 


9.3 


32 nw. 


13.4 


1,352 


649.1 


-3.3 


44 


1.6 


nnw. 


13.4 


960 


2.12 p.m... 


718.8 


9.5 


31 nw. 


7.6 


1,562 


632.1 


-6.4 


52 


1.5 


nnw. 


13.1 


1,160 


2.14 p.m... 


718.8 


9.7 


30 nw. 


10.3 


1,897 


605.2 


- 9.1 


64 


1.3 


nnw. 


16.1 


1,310 


2.16 p.m... 


718.7 


9.9 


29 1 nw. 


12.5 


2,111 


589.0 


- 6.1 


46 


1.4 


nnw. 


16.9 


1,705 


2.18 p.m... 


718.7 


10.1 


28 1 nw. 


13.0 


2,378 


569.3 


- 5.1 


40 


1.3 


nnw. 


17.8 


2,500 


2.23 p. m .. 


718.7 


9.2 


33 nw. 


17.0 


2,815 


538.1 


- 7.2 


34 


0.9 


nnw. 


18.5 


2,750 


2.45 p.m... 


718.6 


9.7 


29 nw. 


8.9 


3,726 


477.6 


-16.8 


26 


0.3 


nnw. 


22.7 


4,600 


3.16 p.m... 


718.5 


9.4 


31 nw. 


14.3 


2,960 


527.6 


- 9.7 


22 


0.5 


nw. 


21.0 


3,200 


3.21 p.m... 


718.5 


9.4 


31 nw. 


10.7 


2,784 


539.8 


- 8.5 


22 


0.5 


nw. 


19.6 


2,700 


3.25 p.m... 


718.5 


9.4 


31 nw. 


13.4 


2,575 


554.4 


-8.2 


21 


0.5 


nw. 


20.4 


2,100 


3.27 p.m... 


718.5 


9.4 


31 nw. 


12.1 


2,450 


563.6 


- 9.1 


20 


0.5 


nw. 


20.4 


1,735 


3.29 p.m... 


718.5 


9.4 


31 nw. 


12.1 


2,450 


563.6 


-8.2 


19 


0.5 


nw. 


18.8 


1,735 


3.35 p.m... 


718.4 


9.8 


30 nw. 


12.5 


2,161 


585.1 


-11.1 


30 


0.6 


nw. 


19.3 


1,800 


3.46 p.m..- 


718.4 


10.0 


29 nw. 


10.3 


1,455 


640.6 


- 4.3 


44 


1.5 


nw. 


13.9 


460 


3.58 p.m... 


718.3 


9.7 


32 nw. 


11.2 


1,009 


677.2 


1.7 


43 


2.3 


nw. 


14.7 


260 


4.09 p.m... 


718.3 


9.9 


35 nw. 


11.2 


526 


718.3 


9.9 


35 


3.2 


nw. 


11.2 




Fourth flight— 


























5.10 p. m. . 


718.1 


9.2 


29 nw. 


12.5 


526 


718.1 


9.2 


29 


2.6 


nw. 


12.5 




5.22 p. m. . 


718. 1 


9.0 


24 nw. 


15.2 


910 


685.3 


3.3 


32 


1.9 


nw. 


16.8 


6 


5.50 p. m. . 


718.2 


8.4 


31 nw. 


12.1 


1,353 


648.5 


- 3.1 


44 


1.7 


nw. 


15.1 


1,040 


6.05 p.m.. 


718.2 


8.3 


34 nw. 


12.1 


2,007 


OWJ« w 


- 9.9 


48 


1.0 


nw. 


19.6 


2,500 


6.10 p. m.. 


718.2 


8.0 


34 nw. 


12.1 


2, 248 


578.3 


- 8.5 


44 


1.1 


nw. 


22.7 


3,530 


6.14 p. m. . 


718.3 


8.1 


35 nw. 


11.2 


2,692 


546.0 


- 9.6 


40 


0.9 


nw. 


22.7 


3,675 


6.15 p. m. . 


718.3 


8.1 


35 nw. 


11.2 


2,791 


.538.9 


- 9.1 


40 


0.9 


nw. 


22.7 


3,700 


6.21 p. m.. 


718.3 


8.1 


35 nw. 


11.2 


2,922 


530.0 


- 9.2 


38 


0.9 


nw. 


23.9 


4,060 


6.41 p. m. . 


718.4 


7.4 


37 nw. 


13.9 


3, 574 


486.4 


-14.7 


32 


0.5 


nw. 


25.2 


6,000 


7.05 p.m.. 


718. h 


6.8 


37 nw. 


12.1 


3,239 


507.8 


-12.0 


30 


0.5 


nw*. 


24.4 


5,000 


7.1.') p. m. . 


718.5 


6.5 


38 nw. 


10.7 


3,001 


524.0 


-10.7 


30 


0.6 


nw. 




3,260 


7.35 p. m. . 


718.6 


6.0 


39 nw. 


11.2 


2,448 


562.8 


-10.7 


33 


0.7 


nw. 


18*2 


2,390 


7.36 p.m.. 


718.6 


6.0 


39 nw. 


11.2 


2,397 


566.5 


-11.5 


33 


0.6 


nw. 


18.2 


2,335 


7.40 p. m. . 


718.6 


5.9 


40 nw. 


9.4 


2,241 


578.3 


-11.5 


33 


0.6 


nw. 


16.5 


2,140 


7.41 p. m.. 


718.6 


5.9 


40 nw. 


9.4 


2,186 


582.3 


-11.3 


33 


0.6 


nw. 


16.5 


2,080 


7.43 p. m. . 


718.6 


5.8 


40 nw. 


12.1 


2,081 


590.2 


-11.5 


35 


0.7 


nw. 


15.7 


2,010 


7.49 p. m. . 


718.6 


5.7 


38 nw. 


9.8 


1,951 


600.4 


-10.9 


41 


0.8 


[ nw. 


16.8 


2,095 


8.11 p. m.. 


718.7 


5.4 


37 nw. 


8.9 


1.352 


648.5 


- 4.5 


48 


1.6 


nw. 


16.8 


1,430 


8.26 p. ra.. 


718.8 


5.4 


40 , nw. 


9.8 


1,011 


676.6 


- 0.3 


40 


1.9 


nw. 


19.3 


950 


8..36p. m.. 


718.9 


5.0 


41 ! nw. 


9.8 


526 


718.9 


5.0 


41 


, 2.8 


nw. 


9.8 





Second flight: Four kites were used; lifting surface, 25.2 sq. m. Wire out, 5,000 
m., at maximum altitude. 

There were 2/10 St.-Cu. from the north-northwest before 11 a. m. Thereafter there 
were a few Cu. and St.-Cu. from the north-northwest. 

Third flight: Five kites were used; lifting surface, 31.5 sq. m. Wire out, 5,600 m., 
at maximum altitude. 

There were a few St.-Cu. from the north-northwest. 

Fourth flight: Five kites were used ; lifting surface, 31.5 sq. m. Wire out, 5,600 m., 
at maximum altitude. 

There was light haze. 
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RemlU of fru-w o5«0rvati(m»— Continued . 



On Kotint Weather, Va., 626 m. 



Date and hour. 



Pres- 
sure. 



May 10 and 11, 
1913: 
FifthjligMr- 

9.11 p. m. . 
9.39 p. m.. 
9.41p.m.. 
9.51p.m.. 
9.64 p.m.. 

9.55 p.m.. 
10.00 p.m.. 
10.11p.m.. 
10.13 p.m.. 
10.36 p.m.. 
10.54 p. m.. 
11.16 p. m. . 
11.22 p. m.. 
11.28 p.m.. 
11.32 p. m.. 
11.50 p. m.. 
11.53 p. m.. 
11.57 p. m. . 

May 11, 1913: 
12.08 a.m.. 
12.14 a.m.. 
12.27 a.m.. 
12.41a.m.. 
12.49 a.m.. 
Sixth Highly 
1.19 a.m... 
1.33 a.m... 
1.46 a.m... 

1.56 a.m.. . 

1.57 a. m.. . 

1.58 a.m... 
2.00 a.m... 

2.12 a.m... 
2.15 a.m... 
2.50 a.m.. 
3.22 a.m.., 
3.35 a.m.. 
3.44 a.m.. 
3.57 a. m. . 

3.59 a.m.. 
4.01a.m.. 
4.00 a.m.. 
4.26 a.m.. 
4.33 a.m.. 



VRflt. 

719.2 
719.3 
719.4 
719.4 
719.5 
719.5 
719.5 
719.5 
719.5 
719.6 
719.6 



Tem-( TI-, 



719. 

719. 

719, 

719, 

719.8 

719.8 

719.8 

719.8 
719.8 
719.8 
719.9 
719.9 

719.9 
719.9 
719.9 
719.9 
719.9 
719.9 
719.9 
719.9 
719.9 
719.8 
719.8 
719.9 
719.9 
719.9 
719.9 
719.9 
719.9 
719.9 
720.0 



I 



C. 

A A 

4.0 

4.0 

4.0 

4.0 

3.9 

3.8 

3.7 

3.7 

3.4 

3.3 

3.1 

3.0 

2.8 

2.7 

2.6 

2.6 

2.6 

2.2 
2.3 
2.4 
2.1 
2.2 

1.2 
1.1 
1.0 
1.0 
1.0 
1.0 
1.0 
1.1 
1.0 
1.3 
1.0 
1.0 
1.1 
0.9 
0.9 
0.8 
0.7 
0.8 
0.5 



I 



Wind. 



Direc- 
tion. 



% 
44 
44 
43 
43 
43 
43 
44 
44 
44 
44 
45 
48 
47 
46 
46 
44 
44 
44 > 



nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
nw^. 
nw. 
nw. 



47 nw. 
45 I nw. 
43 • nw. 

45 , nw. 

46 nw. 



51 
49 
50 
50 
50 
50 
50 
50 



nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
nw. 



50 I nw. 
48 ; nw. 
50 ' nw. 

53 I nw. 

54 nw. 



58 
58 
59 
60 
59 
61 



nw. 
nw. 
nw. 
nw. 
nw. 
nw. 



Veloc- 
ity. 



171 .2). «. 

If > 9 

11.2 

9.8 

< 11.2 

10.7 

10.7 

, 9.8 

9.8 

9.4 

11.6 

! 12.1 

. 11.6 

9.8 

10.3 

9.8 

8.9 

9.4 

. 8.5 

8.0 
6.7 
8.0 
8.5 
8.9 

7.2 
7.2 
6.3 
5.8 
5.8 
5.8 
6.3 
7.2 
7.6 
8.9 
9.4 
9.8 
10.3 

. 9.4 
9.4 
8.9 

, 8.5 
9.8 
8.5 



At different heights above sea. 



Height 



Pres- 
sure. 



I 



m. 
526 
908 
1,326 
1,823 
1,980 
2,194 
2,299 
2,248 
2,508 
3,175 
3,910 
3,588 
3,511 
3,356 
3,254 
3,053 
2,900 
2,646 

2,281 
1,913 
1,449 
1,011 
526 

526 
930 
1,431 
1,912 
1,965 
1,989 
2,071 
2,282 
2,438 
3,558 
2,875 
2,590 
2,224 
2,040 
1,932 
1,802 
1,477 
916 
526 



.2 
.2 
5 
5 
,2 
,2 



mm. 

719. 

686. 

651. 

611. 

uvv. 

583. 

575.2 

579.2 

559.9 

513.7 

465.9 

485.5 

490.5 

500.4 

507.1 

520.6 

530.9 

548.8 

575.2 
608.3 
640.8 
677.5 
719.9 

719.9 
684.5 
642.4 
608.8 
uHv. 7 
597.7 
501.6 
575.7 
564.2 
487.8 
533.1 
558.0 
579.7 
593.6 
601.8 
612.0 
638.2 
685.6 
720.0 



Tem- 
pera- 
ture. 



Humidity. 



Rel. 



r. 

4.4 
l.l 
4.2 
8.6 
8.0 
7.4 
8.2 
11.6 

• 9.7 
10.2 

-14.8 

12.8 

-12.6 

11.0 

11.0 

- 9.8 
-10.2 

- 9.8 

- 9.8 
-11.8 

- 7.8 

- 2.7 
2.2 

1.2 

• 1.2 

- 7.2 
12.3 
10.6 

-11.0 

- 8.4 

- 9.0 

- 8.3 
■13.2 

- 9.2 

- 8.2 

- 8.0 

- 7.0 

- 7.2 
-11.0 

- 9.0 

- 2.8 
0.5 



m o < 



% 

44 
45 
49 
55 
54 
63 
48 
48 
48 
45 
39 
37 
36 
35 
35 
35 
36 
37 

42 

51 
65 
63 
46 

51 
46 
57 
73 
69 
68 
59 
48 
44 
27 
27 
28 
28 
30 
30 
48 
66 
62 
61 



Wind. 

!p.d. 

-; kite 
I and 
Abs. ' Dir. Vel. earth. 



fflcu.m. 
2.9 
2.3 
1.7 
1.3 
1.4 
1.4 
1.2 
0.9 
1.1 
1.0 
0.6 
0.6 
0.6 
0.7 
0.7 
0.8 
0.8 
0.8 



0. 
1. 
1. 
2. 
2. 



nw. 
nw. 
nw. 



2.7 
2.0 
1.5 
1.3 
1.4 
1.3 
1.4 
1.1 
1.1 
0.4 
0.6 
0.7 
0.7 
0.8 
0.8 
0.9 
1.5 
2.4 
3.1 



m.p.t. 
9.8 
. 19.3 
20.2 



nw. 


18.6 


nw. 


16.8 


nw. 


18.5 


nw. 


19.4 


nw. 


17.8 


nw. 


17.8 


nw. 


22.0 


nw. 


26.2 


nw. 


26.0 


nw. 




nw. 


24.4 


nw. 


24.4 


nw. 




nw. 




nw. 




nw. 


17.2 


nw. 


16.3 


nw. 


15.1 


nw. 


17.6 


nw. 


8.9 


nw. 


7.2 


wnw. 


13.0 


nw. 


17.6 


nnw. 


16.5 


nnw. 


16.5 


nnw. 


16.5 


nnw. 


16.4 


nw. 


21.7 


nw. 


21.7 


nw. 


24.4 


nw. 


24.4 


nw. 


24.2 


nw. 


20.8 


nw. 


20.6 


nnw. 


15.6 


nnw. 


15.6 


nnw. 


13.4 


wnw. 


16.8 


nw. 


8.5 



Volts. 

*955 
1,685 
2,520 
2,710 
2,880 
2,980 
2,940 
3,140 
6,180 
8,500 
7,200 
6,980 
6,500 
6,160 
5,600 
5,180 
4,480 

3,740 
2,800 
1,685 
1,050 



755 
1,640 
3,380 
3,540 
3,680 
3,720 
4,210 
5,150 
8,700 
5,700 
4,840 
3,760 
3.020 
2,710 
2,320 
1,520 

490 



May 10 and 11, 191S. — Fifth flight: Five kites were used; lifting surface, 30.5 scj. m. 
Wire out, 5,600 m. ; at maximum altitude, 5,400 m. 

The sky was cloudless before 12.30 a. m. Thereafter there were a few St.-Cu. from 
the northwest. 

May 11 y i91S, — Sixth flight: Five kites were used; lifting surface, 32.0 sq. m. Wire 
out, 5,500 m., at maximum altitude. 

There were few to 4/10 St.-Cu. from the northwest. 
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BTTLLBTIN OF THE MOUNT WEATHER OBSERVATORY. 



Results of free-air observatiom — Continued. 



• 


On Mount Weather, Va., S26 m. 


At different heights above sea. 


Date and hour. 




Tem- 
pera- 
ture. 


Wind. 






Tem- 
pera- 
ture. 


Humidity, i Wind. 


P.D. 




Pres- 
sure. 


Rel. ; 

^"^- Direc- 
tion. 


VeloO' 
ity. 


Height 


Pres- 
sure. 








Vel. 


kite 

and 

earth. 




Bel. 


Abs. 


Dir. 


May 11. 19ia- 
Oontmued. 














Seoeaihflight— 


mm. 


C. 


% 
62 1 nw. 


m.p.9. 

8. 9 


n. 


mm. 


C. 


% 


glcu.m. 


m.p.9. VoUs. 


5.12 a. m... 


720.1 


0.1 


526 


720.1 


0.1 


62 


3.0 , nw. 


8.9 


5.23 a.m... 


720.1 


0.0 


64 nw. 


8.9 


929 


684.5 


- 3.b 


62 


2.3 nnw. 


13.9 1,010 


5.37 a. m... 


720.2 


0.0 


64 nw. 


8.0 


1,518 


634.9 


- 9.6 


63 


1.4 ' nnw. 


15.1 , 2,150 


5.41a. m... 


720.2 


0.0 


63 nw. 


7.2 


1,679 


620.3 


-10.2 


65 


1.4 nnw. 


20.2 : 2,460 


5.46 a. m... 


720.2 


0.0 


62 nw. 


7.6 


2,222 


579.7 


- 9.0 


50 


1.2 nnw. 


25.2 3,820 


6.10 a. m... 


720.3 


0.2 


60 nw. 


7.2 


3,123 


516.0 


- 9.5 


34 


0.8 nnw. 


21.8 6,000 


6.35 a.m... 


720.4 


0.7 


63 nw. 


8.5 


3,771 


474.6 


-14.6 


29 


0.4 nnw. 


24.4 8,020 


7.10 a.m... 


720.5 


1.6 


60 nw. 


8.9 


3,115 


517.6 


- 9.6 


28 


0.6 nnw. 


23.5 5,200 


7.19 a. m... 


720.5 


1.7 


59 nw. 


10.3 


2,934 


529.7 


- 8.6 


28 


0. 7 nnw. 


20.0 4,810 


7.28 a, m... 


720.5 


1.9 


56 nw. 


9.4 


2,548 


556.7 


- 8.2 


29 


0. 7 nnw. 


20.0 3,900 


7.34 a.m... 


720.4 


2.0 


54 nw. 


10.7 


2,312 


.573.7 


- 6.2 


27 


0.8 nnw. 


18.3 3.350 


7.40 a. m... 


720.4 


2.2 


57 nw. 


9.4 


2,259 


577.7 


- 6.5 


23 


0.7 1 nnw. 


21.0 2,800 


7.42 a.m... 


720.4 


2.3 


58 ' nw. 


9.8 


2,205 


581.7 


- 6.4 


22 


0. 5 nnw. 


23.6 2,660 


7.51a. m... 


720.4 


2.7 


57 , nw. 


9.8 


1,940 


601.8 


- 7.6 


29 


0.8 nnw. 


24.4 2,200 


7.59 a.m... 


720.4 


3.2 


56 nw. 


9.8 


1,670 


622.4 


-10.6 


48 


1.0 nnw. 


23.6 ! 1,720 


8.21a.m... 


720.3 


3.6 


50 nw. 


11.6 


985 


680.2 


- 3.6 


66 


2. 4 nnw. 





8.39 a.m... 


720.1 


5.0 


51 1 nw. 


11.6 


526 


720.1 


5.0 


51 


3.4 nw. 


11.6 , 


Eighth flight— 






















1 


9 44 a m 


719.6 


5.4 


44 ' nw. 


11.6 


526 


719.6 


5.4 


44 


3.1 


nw. 


11.6 


9.54 a. m.. 


719. a 


5.6 


47 nw. 


11.2 


787 


696.8 


- 1.0 


SO 


2.2 


nnw. 


14.7 


10.08 a.m.. 


719.5 


5.6 


47 nw. 


10.7 


1,041 


674.8 


-4.1 


58 


2.0 nw. 


13.0 


640 


10.30 a.m.. 


719.4 


6.3 


45 nw. 


12.5 


1,791 


613.1 


- 8.5 


47 


1.1 nnw. 


19.1 


1,4T0 


10.32 a.m.. 


719.4 


6.3 


45 i nw. 


12.1 


1,949 


600.8 


- 8.1 


45 


1. 1 nnw. 


22.1 


1,680 


10.33 a.m.. 


719.4 


6.4 


45 nw. 


12.1 


2,056 


592.6 


- 8.7 


43 


1.0 


nnw. 


20.4 1,840 


10.43 a.m.. 


, 719.4 


6.7 


42 nw. 


12.5 


2,582 


553.7 


- 9.0 


39 


0.9 


nnw. 


21.2 2,540 


10.51a.m.. 


719.3 


7.0 


40 nw. 


13.9 


3,241 


508.2 


-13.7 


38 


0.6 


nnw. 


19.3 3,420 


10.59 a.m.. 


719.3 


7.0 


43 nw. 


13.4 


3,367 


499.9 


-13.7 


37 


0.6 1 nnw. 


24.4 3,660 


11.01a.m.. 


719.3 


7.0 


43 nw. 


13.4 


3,406 


497.4 


-14.1 


37 


0.6 , nnw. 


23.7 3,750 


11.06 a.m.. 


1 719.3 


7.0 


43 nw. 


11.6 


3,370 


499.9 


-13.9 


37 


0.6 nnw. 


22.8 3,740 


11.16a.m.. 


719.2 


7.0 


43 nw. 


11.6 


3,267 


506.6 


-13.9 


36 


0. 6 nnw. 


22.8 3,680 


11.21a.m.. 


719.2 


7.0 


43 nw. 


10.7 


3,067 


620.1 


-12.9 


36 


0. 6 nnw. 


22.8 3,590 


11.25 a.m.. 


719.1 


7.0 


43 nw. 


9.8 


3,014 


523.5 


-13.3 


36 


0.6 


nnw. 


24.5 3,560 


11.33 a.m.. 


! 719.1 


7.6 


39 i nw. 


8.9 


2,991 


525.2 


-12.9 


36 


0.6 


nnw. 


24.4 3,540 


11.35 a.m.. 


719.0 


; 7.8 


38 nw. 


10.7 


2,324 


572.7 


- 9.1 


36 


0.8 


nnw. 


21.0 1,840 


11.57 a.m.. 


: 718.9 


1 8.0 


36 nw. 


12.1 


2,084 


590.6 


- 7.8 


33 


0.9 


nnw. 


16.8 , 1,520 


12.00 m.... 


718.9 


, 8.1 


36 ' nw. 


10.7 


1,926 


602.8 


- 9.7 


35 


0.8 


nnw. 


16.0 1,300 


12.05 p.m.. 


1 718.9 


8.5 


37 nw. 


12.5 


1,809 


612.0 


- 6.9 


i 37 


1.0 


nw. 


15.0 1,220 


12.09 p.m.. 


718.8 


8.8 


36 nw. 


10.3 


1,772 


615.1 


- 8.9 


45 


1.1 


nw. 


15.4 1,170 


12.23 p.m.. 


718.7 


8.4 


34 nw. 


11.6 


1,324 


651.0 


- 4.1 


55 


1.9 ' nw. 


12.6 640 


12.40 p.m.. 


718.6 


' 9.3 


36 , nw. 


10.3 


884 


687.9 


1.9 


47 


2.6 ; nw. 


12.6 


12.49 p.m.. 


. 718.5 


1 9.8 


38 1 nw. 


8.0 


526 


718.5 


9.8 


38 


3.5 


1 nw. 


8.0 






Seventh flight: Four kites were used; lifting surface, 25.2 sq. m. Wire out, 5,500 m., 
at maximum altitude. 

The sky was cloudless imtil 8 a. m. Thereafter there were a few St.-Cu. from the 
north-northwest. 

At 8 a. m., high pressure (772 mm.), central over Michigan, covered the eastern 
half of the United States. 

Eighth flight: Four kites were used; lifting surface, 26.2 sq. m. Wire out, 4,500 m., 
at maximum altitude. 

There were a few St.-Cu. from the north-northwest. 



BUIS — 7BBE AIR DATA. 
Saulu offnt-mr ohmrvaHtmi — Contiiined. 



. On Uoont WeBilMr, V»., £26 n 



, Wind. 

Rel. I r - 

'"""■ DIrec Veloo 



Ktfii.ina— 

CODUDD«d. 



i^i^iA' 



S.ITp.in..; 717.* 
e.Mp.nL. 717,7 
10.1RP.II1.J 7I7.S 
lO.SIp.m.. 718.0 
.lI.IBp.m.. 7IS.3 

ILlSpim!!' Tis!s 



It dlflennC helgbu above Ka 



sas 


71( 


i ' 9 




est 




378 1 M( 


- 2 








B IlO 


ISfll 515 


7 -U 










C» 1 Ml 


2 1-1! 


5^lui 


3-9 


900 JBi; 


s -'s 










5% ' 716 


8| 11 


526 i 7I( 


V ID 


XA 1 u; 


8 - n 


S27 SIO 


- e 


399 1 .W 




S03' 551 




sfls j <a 


6 -17 










666 Mi 


2 i-ia 


m\ 601 


O'- 7 


6^ 


68; 


* 1 



.381 I 640. 

|es7 . 60i! 



Sua 

1,430 



i,iao 



Ninthfiight: Five kites were used ; lifting surface, 32.5 xq. m. 
tX iDaximuiii altitude. 

There were a few St.-Ou. from the northwest bdore 3 p. m. 
was cloud lees. 

Tenth flight. Five kitee wereuaed; lifting euriace, 32.0 oq. m. 
at maximum altitude. 

There was light haze. 

Eleventh flight. Four kites were used; lifting surface, 26.2 sq. 
m.; St maT-'"""" altitude, 1,700 m. 

There wm light hate. 



Wire out, 5,500 m., 
Thereafter the sky 
Wire out, 5,500 m., 

m. Wire out, 3,200 
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BULLETIN OF THS MOUNT WEATHBB OBBEBVATORY. 



RetultM of free-air o(Mroa<ion«— Continaed. 



Date and hoar. 



On Mount Weather, Va., S26 m. 



Hay 19. 1913: 
10.09 a.m.. 
10.22 a. m. , 
10.38 a. m. . 

11.01 a. m. . 

11.02 a. m. . 

11.04 a. m. . 
11.06 a. m. . 
11.28 a. m. , 
11.30 a. m. . 
11.40 a.m.. 
12.11p.m.. 

12.25 p.m.. 
12.28 p.m.. 
12.50 p.m., 

1.04 p.m.. 

1.09 p.m.. 
June 12, 1913: 

FiTMtfiiglU— 
8.21a.m.. 
8.36 a. m. . 
8.51a.m.. 
8.53 a.m.. 
9.02 a.m., 
9.18 a.m., 
9.40 a.m.. 
9.44 a.m.. 
9.51a.m. 

10.30 a.m.. 

11.02 a.m.. 

11.30 a.m.. 

12.05 p.m.. 

12.26 p.m.. 
12.51p.m.. 

1.12 p.m.. 
l.aop.m.. 
1.42 p.m.. 

1.46 p.m.. 

1.47 p.m.. 
1.40 p.m.. 
2.00 p.m.. 

2.10 p.m.. 



718.1 


15.4 


718.1 


15.5 


718.1 


16.0 


718.0 


16:0 


718.0 


16.0 



Preo- 
Bure. 



fflM. 

718.1 

718.1 

718.1 

718.1 

718.1 

718 

718 

718 

718 

718 

718.0 

717.9 

717.9 

717.8 

717.8 

717.7 



717.7 
717.7 
717.7 
717.7 
717.7 
717.6 
717.4 
717.8 
717.3 
717.0 
716.9 
716.6 
716.4 
716.2 
716.0 
715.9 
715.8 
715.8 



Tem- 

pera- 

I ture. 



Rel. 
hum. 



715. 
715. 
715. 
715. 
715. 



C. 
13.9 
15.0 
14.4 
15.3 
15.4 
15.4 
15.5 
16.0 
16:0 
16.0 
16.1 
16.6 
16.7 
16.6 
17.3 
17.4 



14.7 
15.2 
16.1 
16.1 
16.7 
17.2 
17.9 
17.9 
18.2 
19.6 
20.0 
20.4 
21.4 
21.8 
22.0 
22.0 
22.4 
22.7 
22.7 
22.7 
22.8 
23.0 
23.0 



48 
47 
46 
46 
47 
47 
46 
46 
46 
45 
46 
47 
42 
42 
48 



87 
84 
83 
84 
80 
74 
60 
66 
64 
69 
61 
62 
57 
53 
47 
46 
46 
46 
46 
46 
46 
46 
45 



Wind. 



Direc- 
tion. 



nw. 

nw. 

wnw. 

wnw. 

wnw, 

wnw. 

wnw. 

wnw. 

wnw. 

wnw. 

wnw. 

wnw. 

wnw. 

nw. 

nw. 

nw. 



nw. 

nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
nw. 



Vekx>| 

ity 



m.p.s 
10.3 
7.6 
8 
8 
7 
7 
8.0 
8.0 
10.7 
8.0 
7.2 
8.5 
7.2 
8.9 
7.2 
6.3 



6.3 
5.8 
6.3 
6.3 
6.3 
7.2 
8.9 
9.4 
9.8 
8.0 
7.6 
8.5 
9.4 
9.4 
8.9 
8.0 
9.8 
8.5 
9.4 
0.4 
8.5 
8.5 
8.5 



At difflerent heights above sea. 



Height 



m. 

526 

817 

1,041 

1,523 

1,537 

1,620 

1,974 

2,580 

2,687 

2,737 

2,390 

2,060 

1,896 

1, 178 

777 

526 



526 
928 
1,408 
1,436 
2,186 
2,621 
3,421 
3,462 
3,767 
3,971 
4,354 
4,588 
4,248 
3,842 
3,373 
2,513 
1,838 
1,344 
1,343 
1,343 
1,286 
886 
526 



Pree- 
sure. 



mm. 
718.1 
603.7 
675.0 
636.3 
635.2 
628.8 
601.9 
558.5 
551.1 
547.4 
571.8 
595.8 
608.0 
664.1 
697.0 
717.7 



717.7 

684.4 

646.5 

644.3 

589.2 

558.8 

505.8 

503.3 

484.4 

472.0 

449.4 

435.0 

454.6 

478.6 

508.4 

565.5 

613. 

650. 

650. 

650. 

655. 

686.6 

715.7 



.7 
.7 
,7 
,7 
1 



Tem- 
pera- 
ture. 



C. 

13.9 
8.5 
7.1 
0.9 
1.5 
1.6 
3.3 
1.1 
1.6 
0.8 

■ 0.3 
0.9 
0.0 
6.4 

12.3 

17.4 



14.7 
12.1 
11.8 
12.6 
8.8 
3.7 

- 1.8 

- 1.1 

- 4.2 
' 6.4 
-11.3 
-14.4 
-11.4 

- 8.1 
■ 2.1 

3.0 
10.9 
15.8 
14.5 
15.2 
13.7 
17.0 
23.0 



Humidity. 



Rel. 



56 

55 
48 
48 
46 
35 
70 
67 
69 
74 
46 
49 
57 
50 
48 



87 
53 
27 
26 
21 
24 
18 
16 
15 
11 
10 
11 
11 
11 
11 
8 
11 
11 
10 
11 
11 
28 
45 



Aba. 



gjeujm. 
6.2 
4.7 
4.3 
2.5 
2.6 
2.5 
2.1 
3.6 
3.6 
3.5 
3.5 
2.4 
2.4 
4.2 
5.4 
7.0 



10.9 
5.6 
2.8 
2.9 
1.8 
1.5 
0.8 
0.7 
0.5 
0.3 
0.2 
0.2 
0.2 
0.8 
0.5 
0.5 
1.1 
1.5 
1.2 
1.4 
1.3 
4.0 
9.2 



Wind. 



Dir. 



nw. 

nw. 

nw. 

wnw. 

wnw. 

wnw. 

wnw. 

wnw. 

wnw. 

wnw. 

nw, 

wnw. 

wnw. 

nw. 

nw. 

nw. 



nw. 

nnw. 

n. 

n. 

n. 

nne. 

nse. 

nne. 

nne. 

nne. 

nne. 

nne. 

nne. 

nne. 

nne. 

nne. 

n. 

n. 

n. 

n. 

n. 

nnw. 

nw. 



Vel. 



fii.p.«. 
10. S 
10-7 
8.7 



P.D. 

kite 

and 

earth. 



VoUt. 








1 13.1 
13.1 


380 
390 


13.1 


420 


18.1 


760 


26.7 


1,020 




1,200 




070 


18.6 


660 


17.4 


600 


9.9 


170 


8.3 





6.3 




6.3 




13.2 





11.0 


580 


9.8 


600 


15.5 


840 


14.7 


1,010 


19.7 


1,600 


10.7 


1,540 


19.7 


1,710 


16.8 


1,930 


18.5 


2,160 


19.6 




18.2 


1,600 


17.2 


1,315 


U.6 


860 




425 




280 



























8.5 





May 19 f 191 S. — Five kites were iwed ; lifting surface, 34.6 sq. m. Wire out, 4,500 In. , 
at maximum altitude. 

There was 1/10 St.-Cu. from the west-northwest, till about 10.46 a. m., when there 
were 2/10 Ci. from the west and 1/10 St.-Cu. from the west-northwest. After 12.30 p. m. 
there were 6/10 Ci. from the west and a few Cu. from the west-northwest. 

High pressure (770 mm.), central over Manitoba, extended to Tennessee. Low 
pressure (763 mm.), central over New Brunswick, skirted the Atlantic seaboard. 

June It, 191S. — First flight: Eight kites were used ; lifting surface, 53.4 sq. m. Wire 
out, 10,000 m.; at maximum altitude, 9,200 m. 

Ci.-St., from west, increased from 3/10 to 6/10. 

At 8 a. m., high pressure (770 mm.) was central over southern Indiana. Low pres- 
sure (731 mm.) was central off the North Carolina coast. 



BLAIlt — PBliK AIE DATA. 



ir obiMvaiiont — Coatdnued. 




diSercDt belcfali above aea. 



1 Bumldlty. { wind. 


P.D. 


















and 




Rtl.\ Aba. 1 Dlr. 


V.!. 




.WniL: 


Vi'- 


VoJW. 


I 1 35 S.4 UDW. 


11.S 




18 I 3.1 In. 




340 




io!i 








760 






loia 


780 


9 , 22 














sn 








810 










7 H 


OS ^ 


fl 


42S 
4% 


t 1 17 




loij 


430 


B 10 






260 














laa 





6 a 




e.T 






7.» 












8-3 




ula 







31 






13.4 






























» 








753 




8« 






12: B 


em 
















as 






13: 8 






37 




ne. 


10. e 


"mo 












380 




31 




Z: 


»■! 


170 




38 




luie. 


•is 




? 


47 




urnw. 


e.8 

16.1 


^ 


























Til 


380 




62 




! 


E. 


10.9 


380 




I, 5,000 u 



SK I 714.8 

Seamdjlight: Six kites were used; liiting surface, 42.3 sq.n 
at raaiimum altitude, 3,900 ra. 

There were 9/10 Ci.-St. from the west till about 4.30 p. m.; thereafter, 6/10 Ci.-St. 
and 5/10 St.-Cu. from the north-north weat. The second Ci.-8t. were at a much lower 

Third flight: Six kites were used; lifting surface, 41.3 sq, m. Wire out, 5,100 m.; at 
maximum altitude, 4,500 m. 

Cloudiness varied from 6/10 Ci.-St. and 5/10 fit.-Cu., from the north-northeast, to 4/10 
Ci.-8t. from the north-northeast, at about S,20p. m., and to 2/10 Ci.-St., from the north- 
northeast, at about 9,20 p. m. 

June 14, J9/J.— Five kites were used; lifting surface, 35.5 sq. m. Wire out, 4,500 
m.; at maximum altitude, 3,400 m. 

There was light haze. 

High pressure (766 mm.) wascentralover Tenneseee. Low piewure (752iiuo.)was 
central over Newfoundland. 
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RaulU of free-air obgervatione — Contiiiued. 



On Mount Weather, Va., 526 m. 



Date and hour. 



June ao, 1913: 
First jflight^ 
8.37 a.m.. 
8.41a.m.. 
8.49 a.m.. 
8..54a.m. 
8.59 a.m.. 
9.02 a.m.. 
9.06 a.m.. 
9.18 a.m. 
9.35 a.m. 
9.45 a.m., 

10.08 a.m. 
10.21a.m. 
10.^ a.m. 
10.32 a.m. 
10.36 a.m. 

Second flight- 

11.09 a.m. 
11.22 a.m. 
11.27 a.m. 
11.32 a.m. 
11.35 a.m. 
11.49 a.m. 
11.59 a.m. 
12.16 p.m. 
12.59 p.m. 

1.10p.m. 
1.23p.m. 
1.28 p.m. 



Wind. 



Prea- '^^™- 

sure. P*™" 
ture. 



Rel. 
hum. 



Direc- 
tion. 



Veloo 

ity. 



tnffi. 

717.2 

717.2 

717.2 

717.2 

717.2 

717.2 

717.2 

717.1 

717.1 

717.1 

717.0 

717.0 

717.0 

717.1 

717.1 

717.0 
716.9 
716.8 
716.8 
716.7 
716.6 
716.5 
716.4 
716.0 
715.9 
715.8 
715.8 



C. 
21.4 
21.4 
21.2 
21.2 
21.1 
21.2 
21.3 
21.8 
22.2 
22.3 
22.2 
22.4 
22.7 
23.4 
23.8 

24.6 
25.8 
26.2 
26.6 
26.6 
26.6 
26.8 
28.0 
28.6 
28.6 
28.8 
28.8 



70 , 
72 
72 
73 
74 
76 
77 
78 
73 
70 
70 
73 
71 
70 ' 
70 ' 
70, 



66 
60 
57 
55 
55 
55 
54 
52 
52 
50 
50 
50 i w 



wnw. 

wnw. 

wnw. 

wnw. 

wnw. 

wnw. 

wnw. 

wnw. 

wnw. 

wnw. 

wnw. 

w. 

w. 

w. 

w. 

w. 
sw. 

sw. 

WSW. 
W8W. 
WSW. 
WSW. 
WSW. 
WSW. 
WSW. 
WSW. 



m.p.9 

11.6 

11.6 

14.3 

12.5 

11.6 

11.6 

10.7 

11.6 

11.6 

11.2 

7.2 

6.3 

6.7 

5.8 

5.4 



5. 
6. 
6. 
4. 
5. 
5. 
6. 
5. 
4. 
4. 



At different heights above sea. 



4.0 
4.0 



Beight 



Prea- 
sure. 



971. 

526 

799 

867 

1,091 

1,362 

1,377 

1,392 

1,923 

2.837 

1,924 

1,378 

1,022 

1,008 

704 

626 

526 

759 

800 

1,012 

1,039 

1,210 

1.556 

1.928 

2,243 

^806 

919 

526 



Tem- 
pera- 
tiue. 



j Humidity. 



vntn. 

717.2 

695.0 

689.5 

671.9 

651.3 

650.2 

&49.1 

610.2 

547.1 

610.2 

650.2 

677.4 

678.5 

702:7 

717.1 

717.0 
698.2 
694.9 
678.4 
676.2 
663.2 
637.4 
610.2 
587.8 
618.5 
684.9 
715.8 



C. 

21.4 
19.6 



23. 

24. 



Bel. 



Aba. 



I 



1 
5 
5 



20. 
22. 
20. 
20.8 
19.8 
16.4 
5.6 
15.6 
20.6 
22.8 
23. 
21. 



5 
.2 



23.8 
24.6 



24.8 



1 
.4 

1 



24. 

24. 

21. 

16.9 

14.2 

17.2 

24.2 

28.8 



72 
72 
64 

50 
47 
47 
48 
44 
62 
53 
48 
48 
47 
58 
70 

66 
60 
53 
47 
45 
43 
50 
51 
52 
55 
62 
50 



glcu.m. 

13.4 

12.0 

11.0 

9.9 

8.3 

8.4 

8.1 

6.1 

4.4 

7.0 

8.5 

9.7 

9.8 

10.6 

14.9 

14.7 
12.5 
11.4 
10.6 

9.7 

9. 

9. 

7. 

6. 

8. 

13.5 
14.1 



,5 
1 

.3 
3 

.0 



Wind. 



Dir. ; Vel 



wnw 

nnw. 

wnw 

wnw 

wnw 

w. 

w. 

w. 

w. 

w. 

wnw. 



m.p.t. 
11.6 
14.8 



14.8 
18.5 
18.7 
16.8 



P.D. 

kite 

and 

learth. 



V6U9. 

6 


170 
380 
250 


330 



w. 


15.1 i 


w. 


14.3 


w. 


11.6 


w. 


5.4 


w. 


5.4 


w. 


8.4 


w. 


8.4 


w. 


10.9 


w. 


12. a 


w. 


13.0 


w. 


14.0 


wnw. 


14.3 


wnw. 


12.9 


w. 


13.0 


w. 




w. 


4.6 



110 













170 






June £0, 19 IS. — First flight: Four kites were used; lifting surface, 25.2 sq. m. 
Wire out, 3,500 m. at maximum altitude. 

The sky was covered with St.-Cu. from the west-northwest. light rain began at 
8.51 a. m. and ended at 9.32 a. m. 

At 8 a. m. pressure was high (767 mm.) over Georgia. Low pressure (758 nun.) was 
central over Wisconsin. 

June 20, 1915. — Second flight: Four kites were used; lifting surface, 26.2 sq. m. 
Wire out, 3,000 m.; at maximum altitude, 2,600 m. 

There were 3/10 A. -St. and a few St.-Cu. from the west before noon; thereafter 
there were a few St.-Cu. from the west. 
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8. OBSERVATIONS ON THE INCREASE OF INSOLA- 
TION WITH ELEVATION. 

Herbert H. Kimball. 

pBted Mount Weather, V«., Not. 20, 1918.] 

Between August 30 and September 2, 1909, inclusive, four series 
of simultaneous pyrheliometric readings were obtained at Mount 
Weather, Va., at an elevation above sea level of about 1,720 feet, 
and at Trapp, Va., at an elevation of about 720 feet. Trapp is 
approximately 1^ miles east of Mount Weather, and is immediately 
at the foot of the Blue Ridge, on the summit of which is Mount 
Weather. 

Nearly continuous readings were obtained from 3.45 p. m. to 
5.15 p. m. of August 30, from 3 p. m. to 5.15 p. m. of September 1, 
and from 7 a. m. to 11.15 a. m. and again from 2.45 p. m. to 5 p. m. 
of September 2. Mr. W. R. Gregg read Angstrom pyrheliometer 
No. 105 at Mount Weather, while Smithsonian pyrheliometer No. 
VIII, which is of the so-called copper box type, was read by me at 
Trapp. 

These two instruments were also read simultaneously by us at 
Mount Weather on August 2, August 9, and September 2, 1909; 
and after reducing the readings of Smithsonian No. VIII to the 
revised Smithsonian scale the factors given in Table 1 have been 
obtained to reduce the readings of Angstrom No. 105 to this same 
scale. 

Table 1. — Factor to reduce the readings o/Angstrdm pyrheliometer No. 105 to the revised 

Smithsonian pyrheliometnc scale. 



Date and time of comparative readings. 



Nimiberof 
readings. 



August 2, a. m 

August 2, midday 

August 2, p. m 

August 9, midday 

September 2, midday. 

Average factor. 



12 


L108 


8 


1.108 


8 


1.089 


12 


1.100 


12 


1.089 



Factor. 



1.099 
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To obtain the radiation intensities given in Table 2, the data for 
both Mount Weather and Trapp have been plotted with the loga- 
rithms of the instrumental indications for ordinates and the air 
masses (approximately the secant of the sun's zenith distance) 
for abscissas. The most probable logarithms for the air masses 
given in the headings of Table 2 were read from these plots, and 
those for Angstrom pyrhehometer No. 5 were increased by 0.0410, 
the logarithm of the factor 1.099. 

Table 2. — Comparison of solar radiation intensities at Mount Weather and Trapp f Va. 





Radiation Intensities in gram calories 
per min., i>er cm>. 


Polari- 
zation 
of sky 
light. 

Per cent. 


Tempera- 
ture at 
Mount 

Weather. 


Vapor 


Date and place. 




Air masfl 


. 




pressure 
at Mount 
Weather. 




1.6 


2.0 


2.6 


3.0 

0.965 
0.961 


3.. 




1909. 
▲iigust30,p.m.: 

Moont weather 




1 

1.162 1.056 
1.134 ^ 1.090 




•c. 

21 


TATA* 

0.94 


Trapp 










September 1, p.m.: 
Momit Weather 


1.196 
1.149 

1.392 
1.322 

1.277 
1.230 


1.000 
0.936 

1.289 
1.207 

1.078 
0.090 


0.875 
0.814 

1.190 
1.110 

0.921 
0.852 




68 


19 to 17 


7.04 to 6.27 


Trapp 






Septemoer 2, a. m.: 

Mount Weather 

Septemoer* 2) p.' m. : 

Mount weather 

Trapp 


1.092 
1.032 

0.763 
a 703 


........ 

1.007 
0.959 


67 


9 to 12 


6.68 


63 


............ 

19 


6.95 


















Trap] 


pijiaolatl 
Weat 


Ion divided by M 
her inaolatlan. 


oont 








Amnist 30. p. m 




0.984 
0.936 
0.936 
0.919 


1 
0.966 O.OT.s 






September 1, p. m 


aooo 

0.950 
0.963 


0.030 






S^ tember 2, a. m 

S^tember 2, p. m 


0.933 
0.925 


0.946 
0.921 


0.952 




ATerage 


0.968 


0.044 


0.938 


0.047 


0.952 









Some details of the prevailing atmospheric conditions at the times 
of observations have been included in Table 2. 

The ratio xit ttIt — i.u — ^~ ^—i• — is fairly constant from day to 

Mount Weather msolation •^ "^ 

day. On the afternoon of August 30, which was a day with high 
absolute humidity but with a clear sky, the ratio was higher than 
the average. The ratio was lower than the average on the afternoon 
of September 2, which was a day with low absolute humidity at the 
surface, but with rapidly diminishing atmospheric transparency in 
the afternoon. The atmospheric conditions were unusually steady 
and favorable for comparisons of this character on the morning of 
September 2. There were a few cumulus clouds present on the morn- 
ing of this day and on August 30, and light haze was recorded on 
September 1 and 2. 
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The factors given in Table 1 indicate that the ratios in Table 2 for 
individual series may be in error by as much as ± 0.01 . We are there- 
fore only justified in saying that under the conditions prevailing at 
the time the readings summarized in Table 2 were obtained, from 4 
to 6 per cent of the insolation reaching the top of the Blue Ridge, at 
the 1,720-foot level, was absorbed before it reached the surface of 
the valley 1,000 feet below. 

On October 25, 1912, simultaneous pyrheliometric readings were 
obtained about noon at Santa Fe and Twin Mountain, N. Mex.; 
and four days later, on October 29, 1912, simultaneous readings were 
obtained about noon at Santa Fe and Lake Peak, N. Mex. 

Santa Fe is on a plateau approximately 7,000 feet above sea level. 
Twin Mountain is one of two peaks some 2^ miles southeast of Santa 
Fe that rise abruptly from the plateau to a height of nearly 8,000 
feet above sea level. 

Lake Peak is in the Rocky Mountain range about 11 miles northeast 
of Santa Fe, and rises to a height of approximately 12,200 feet above 
sea level. 

Mr. J. B. Sloan read Marvin pyrheliometer No. VI at Santa Fe on 
both the above dates, while Smithsonian silver disk pyrheliometer 
No. 1 was read by me on the summit of the two mountain peaks. 

The factor to reduce the readings of Marvin pyrheliometer No. VI 
to the revised Smithsoniati scale was determined by comparing this 
instrument with Smithsonian No. 1. In Table 3 are given the ratios 
between the indications of the two instruments when read simul- 
taneously, each ratio being obtained from the average of a series of 
readings, the number of readings of the Marvin instrument in each 
series being given in the table. The number of readings of the 
Smithsonian instrument was only half as many. 

Table 3. — Comparison of Marvin spiral pyrheliometer No. VI with Smithsonian tilver 

disk pyrheliometer No. 1. 



Date. ! Namber of 

> readings. 



1012. I 

July 11 1 8 

August 16 1 8 

August 22 22 

August 24 12 

August 24 7 

October 26 20 



Ratio, ^"^- 



Smithsonian. 



1.000 
0.009 
1.000 
1.002 
1.000 
1.014 



The radiation intensities given in Table 4 were obtained from the 
means of simultaneous series of readings, each series consisting of 
about 20 readings by the Marvin instrument and 9 readings by the 
Smithsonian instrument. 
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The ratios in Table 3, and especially the one for October 26, indicate 
that the radiation intensities given for Santa Fe may be relatively too 
high by as muph as 1.5 per cent. We are therefore only justified in 
saying that on October 25, 1912, from 0.5 to 2 per cent of the insola- 
tion that reached the top of Twin Mountain, N. Mex., at an elevation 
above sea level of 8,000 feet was absorbed before it reached the 
plateau 1,000 feet below; and on October 29, 1912, from 2.5 to 4 per 
cent of the insolation reaching the top of Lake Peak, N. Mex., 12,200 
feet above sea level, was absorbed before it reached the plateau more 
than 5,000 feet below. 

It will be noticed, however, that the smaller percentages are 
proportional to the thicknesses of the absorbing layers. 

Table 4. — Compariion of midday solar radiation intensities at Santa Fe, Twin Mountain, 

and Lake Peak, N. Mex. 



Date. 


Place. 

■ 


Insolation 
per minute 
per square 
centimeter 
at midday. 

Oram cdl- 
oriet. 

1.481 


Temper- 
ature. 

•c. 

IS 


Vapor pres- 
sure. 


1913. 
Oct. 25 


Santa Fe 


nun. 

4.60 


I>o 




1.488 : 1ft 


3.16 


Oct. 20 


Santa Fe 


1.889 
1.425 


8 
— 1 


3.00 


Do 


Lake Peak 


2.30 













Santa Fe 

Twin Mountain.' 

Santa Fe 

Lake Peak. 



BAno or maoLAnoNB. 



0.996 
0.975 



On October 25, 1912, the atmosphere both at Santa Fe and at 
Twin Mountain was very clear and the sky was a deep blue. From 
the top of the mountain, however, the dust haze over the lower levels 
was distinctly visible. 

On October 29 there were no clouds present at noon, but the sky 
in the direction of the sun was whitish, and the atmosphere over the 
valleys, particularly toward the south, had a hazy appearance. 
There was considerable smoke over Santa Fe during the morning of 
the 29th, but it had nearly disappeared by noon. There was little 
smoke over the city at any time on the 25th. 

The air mass at the time of taking these observations was 1.50 on 
October 25 and 1.53 on October 29. 



9. SUMMARY OF THE FREE-AIR DATA OBTAINED AT 
MOUNT WEATHER FOR THE FIVE YEARS, JULY i, 
1907, TO JUNE 30, 1912, 

By the Aerial Section— Wiluajc R. Blaib, in Charge. 

[Dated Dec. 16, 1018.] 

On 1,682 of the 1,827 days of this period 1,758 free-air observations, 
exclusive of pilot balloon soundings, were made. The meteorograph 
was carried up by kites 1,522 times and by captive balloons 236 
times. Occasionally two or more observations were made on the 
same day, but during the first two years no observations were made 
on Sundays. For the first four years air temperature, air pressure, 
and wind direction aloft were observed, in addition to noting weather 
conditions and keeping the usual continuous meteorological records 
at the earth's surface. Throughout the fifth year relative humidity 
and wind velocity aloft were also observed. 

THE METEOROGRAPHS. 

The meteorographs used in obtaining the observations of these 
five years were of the Kichard and Marvin types. The Bichard 
instrument used recorded air pressure and air temperature only. 
The Marvin instrument recorded relative humidity and wind velocity 
in addition to air pressure and temperature. When properly cali- 
brated either of these instruments serves its purpose well. 

It has been found that the barometer needs especial attention in 
calibration. Some of the aneroids on the meteorographs used are 
less affected by variations in temperature than others, but the readii^ 
of all are influenced. The Bourdon tube has usually been found 
better than the cellular type of aneroid. To avoid this defect the 
instruments have been calibrated for pressure and temperature 
simultaneously. In any calibration the pressure and temperature 
are lowered at a rate approximately the mean for the season in which 
the instrument is to be used. In actual observation there ore, of 
course, departures from this mean rate of decrease with altitude in 
pressure and temperature. The error from this source is not there- 
fore entirely eliminated. It is, for the most part at least, brought 
within the limit of accuracy of the instruments as they must be used. 
A second source of error is found in that the aneroid requires a long 

lU 
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time for recovery after it has experienced such a change in pressure 
as is found between the base station and the upper levels reached in 
a kite or balloon ascension. To partially eliminate errors from this 
source, the caUbration of the instrument was made to occupy approxi- 
mately the time of an ascension. Occasional ascensions depart far 
from the mean in both the time required to make them and in their 
height, but in- the great majority of cases departures are not so great 
as to require a special calibration of the meteorograph. 

The hair hygrometer as ordinarily made, i. e., with the several ) 

hairs lying close to each other, was found to be very slow in respond- 
ing to conditions as it experienced them. This was especially true 
when the element passed from a layer of moist to one of dry air- 
This slowness was to a large extent remedied by stretching the half 
dozen or more hairs used parallel to each other but not touching. 
Every hair is thus exposed. Some difficulty was experienced in 
mounting the hairs so that they would be taut at the same time and, 
consequently, under different conditions as to moisture content of 
the air in which they were exposed. Care in this particular was well 
repaid. 

The hygrometer and the wind elements of the meteorograph were 
calibrated in surface conditions only and by comparison with the 
Marvin sling psychrometer or Assmann aspiration psychrometer and 
the Robinson anemometer, respectively. 

With the above precautions, in addition to careful adjustment and 
use of the meteorographs, fairly consistent observations have been 
obtained throughout the five-year period. 

Am FBESSUBE. 

In this sununary the air pressures have been used only in the 
determination of altitudes. Work on the relations that may be 
shown to exist among air temperature, humidity, movement, and 
pressure by the data obtained in these five years has been set aside 
until some additional needed data are acquired. These further 
observations are now being made. 

MONTHLY ANB SEASONAL ICEANS OF TEMPBBATUBE AT DIFFEBENT 

LIJVELS. 

The temperature observed on these 1,682 days have been grouped 
by months and by seasons, and means have been computed for levels 
260 meters apart up to 7,250 meters above sea level. In these means 
each day's observations have been given the same weight. The 
observations are well distributed throughout their respective periods, 
and the means for each group fairly consistent up to and including 
the 4,500-meter level. At this level the number of days per month 
on which observations were made ranges from 7 in August to 21 in 
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October and averages 12. Above this level the spring and autumn 
observations are more numerous than those of simuner and winter. 

Tables I and II show the mean free-air temperatures above Mount 
Weather — Table I the monthly mean and Table II the seasonal and 
annual means. Under each month in Table I are three columns. 
The first contains the number of observations at each level consid- 
ered, or the weights of the means; the second, tne mean free-air 
temperatures; and the third, the mean change in temperature per 
100 meters of altitude. A similar arrangement obtains in Table II. 

The temperature data obtained in the five-year period are so 
arranged in figure 1 as to show the annual march of the mean monthly 
temperature at all levels explored. For the purpose of this chart 
three periods were considered in each month. The first and third 
periods of any month are its first and last 10 days, respectively, the 
days that are left constitute the second period. The temperature- 
altitude relation was plotted for each group of three adjacent approx- 
imately 10-day periods and the altitudes of the even degrees of 
temperature transferred from these plots to figure 1. A curve was 
then drawn through each set of points in figure 1 indicating the same 
temperature. No further attempt at smoothing has been thought 
advisable. It is easy for the reader to see where the smoother curves 
would go but it would be difficult for him to know in some cases 
which experimentally determined points belonged to a given curve 
if the curve did not actually pass through the points. It will be 
noted that the middle points in any month are the mean temperatures 
for the month at the levels indicated, and that the curves are very 
approximately curves of mean monthly temperature. The annual 
temperature maximum is foimd in July at the earth's surface, in 
August at the 4.6 kilometer level. At the surface the rise of temper- 
ature before the maximum is reached and the subsequent fall are on 
the whole fairly symmetrical, though in the months of May and 
June the rise of temperature is greater than the fall in the months of 
August and September. In the higher levels the fall of temperature 
after the maximum is considerably more rapid than the preceding 
rise. The zero curve of mean monthly temperature reaches the 
earth's surface in the first half of December and leaves it in the first 
half of February. Between these two points the mean surface tem- 
perature is less than, but differs little from, zero. At high levels 
January temperatures show a decided maximum, minima occurring 
in December and February. 

The value of the five-year monthly means as normals depends 
on whether the five years in which the data were collected are aver- 
age years and on the distribution, monthly and diurnal, of the observa- 
tions. Instrumental and observational errors have been carefully 
guarded against. 
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In the miscellaneous Table III are given the available data more 
or less directly related to the temperatm*e data shown in Tables I 
and II. All data in Table III are for the five years except those 
items marked with an asterisk (*), which are for only the last four 
years of the period. These data throw some light on the peculiar- 
ities of the period under consideration and on the diurnal distribu- 
tion of the free-air observations. 

The first Une of Table III shows the mean surface temperature of 
each month for the five years at Mount Weather. The second line 
shows the Mount Weather monthly means reduced to a 38-year 
period by comparison with the temperature observations at Wash- 
ington and Lynchburg. The corrected temperatures are lower in 
the late winter and spring months and higher in the summer months 
than the observed temperatures. The greatest negative correction, 
— 2.6°, is needed in March and the greatest positive correction, 
+ 1.0°, is needed in Jime. The annual correction, —0.4°, is in the 
same sense but twice as large as the annual correction needed in the 
three-year summary. The data in lines 10 to 17, Table III, have 
to do with the peculiarities of the period. A comparison of the 
data in these lines for the three (see this Bulletin, Vol. IV, pt. 2) 
and five-year periods shows a general decrease in the mean duration 
of actual simshine, a general increase in the mean cloudiness and in 
surface wind velocity. The only marked exception to this general 
trend is foimd in the month of May. In this month the mean dura- 
tion of sunshine is 14 hours more in the five than in the three-year 
period, the cloudiness is 6 per cent less and there is no change in 
wind velocity. The monthly temperatures for the five-year period 
are a Httle higher than those for the three-year period in the summer 
months, a Uttle lower in the winter months. None of these monthly 
differences much exceeds half a degree except those of March and 
November, in which the temperatures for the five-year period are 
1.7° and 1.6° lower, respectively, than those of the three-year period, 
and of May in which there is a difference of 1.2° in the opposite 
sense. 

In March and November the decrease in mean duration of sunshine 
from the three to the five year period was 17 hours per month; the 
increase in mean cloudiness was 3 and 4 per cent and in wind velocity 
0.6 and 1.6 m. p. s., respectively. The greatest increase in wind 
velocity for any month is 1.6 m. p. s. The most marked change 
in mean surface wind direction is found in August. The mean is 
N. 69° W. in the three and S. 42° W. in the five year period. This 
more southerly wind is accompanied by the greatest decrease in mean 
duration of sunshine, 36 hom*s, the greatest increase in mean cloud- 
iness, 7 per cent, but by no marked change in temperature, an increase 
of 0.3° only. At higher levels no marked change in wind' dtreotiom 
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from the three to the five year periods is observed. The greatest 
change to the south of the prevaDing westerly wind in the 2,000 meter 
level is 12®, found in the August and October means; to the north 
in the same level is 7*^, in the February means. The weights of the 
means given in lines 14 to 17 of Table III may be found in Table I. 

The distribution of the observations in any month is fairly good up 
to the 4.5 kilometer level — better at the lower than at the upper levels. 

The diurnal distribution of the observations is not so good. Con- 
sidering the time at which the highest point was reached as the time 
of observation, practically all observations are included in the hours 
6.30 a. m. to 10.29 p. m. The observations not included between 
these hours were made in August and September, 1911, and in March, 
1912. In each of these months one 24 or more hour series of ascen- 
sions was made. If observations made between 6.30 a. m. and 7.29 
a. m. be called 7 a. m. observations, those between 7.30 a. m. and 8.29 
a. m. be called 8 a. m., etc., there will be found two maxima in the 
number of observations, one occurring at about 10 a. m. and the other 
at about 3.30 p. m. The sixth and seventh lines of Table III show for 
each month the percentage of observations made from 6.30 a. m. to 

12.29 p. m. and the mean time at which they were made. The eighth 
and ninth lines contain similar data for the observations made from 

12.30 to 10.29 p. m. According to the observations now in progress at 
Moimt Weather on the diurnal variation of temperature and other ele- 
ments, the mean time of the forenoon observations is very close to the 
time when a free air observation by means of kite or balloon will give 
the best approximation to mean temperature conditions for the day. 
The mean time of the afternoon observations is just a little past the 
time of the diurnal temperature maximum at the earth's surface. 
Line 4 of Table III shows the corrections to be applied to the indica- 
tions of the kite meteorograph in order to get the mean temperatures 
indicated by the station meteorograph. These corrections are all 
negative but in only three months are they as high as 1°. The mean 
correction for the year is —0.5°, for the months of May to September 
— 0.9° and for the rest of the year —0.3°. 

Our experience with the diurnal range of temperature points to the 
conclusions that the negative correction at the 1,000-meter level will 
be but little if any over half that at the surface. At about the 1,500- 
meter level, the correction will be zero. Above the 1,500 to, at least, 
the 2,500 meter level there will be an increasing but always small 
positive correction to be applied to the indications of the kite meteoro- 
graph in order to get actual temperatures. All of these corrections 
are negligible, except those from the surface up to say the 1,000 meter 
level in the months of May to September, inclusive. It has been 
thought best to publish actual data in Tables I and II. The above 
considerations indicate that, with corrections in each month from May 
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to September as follows: Surface level, —0.9*'; 750-meter level, 
— 0.7*'; 1,000-meter level, —0.5®; and with a correction at the sur- 
face level of —0.5° in the months of March and April, the value of the 
means given in Tables I and II as normals is directly related to the 
number of observations and the peculiarities of the period in which 
they were taken. 

FREE-AIR TEMPERATURE IN RELATION TO TYPES OF SURFAGE-AIR 

PRESSURE. . 

The free-air temperatures for the diflferent seasons have also been 
grouped with reference to the surface distribution of air pressure. 
Three general groups, one containing all observations made well 
within high pressure areas, another well within low pressure areas, 
and a third, those that could not be included in either of the first two, 
were considered. The air pressure reduced to sea level was usually 
above 764.5 millimeters of mercury in the first group, below 759.5 
millimeters in the second group, and between these two pressures in 
the third. In the study of the air temperatures, the first and second 
groups are subdivided into quadrants numbered I, II, III, IV counter- 
clockwise from the forward half of a line through the center and lying 
in the direction of motion of the high or low pressure area under con 
sideration. In the third group the three subdivisions are based on the 
relative positions of the disturbances active at the station. They are: 
(1) Low pressure area NW., W., or SW. ; high pressure area NE., E., or 
SE. (2) Low pressure area NE., or E.; high pressure area NW., W., 
or SW. (3) Low pressure area moving up the Atlantic coast; high 
pressure area N. 

High-pressure areas moving in a variety of directions pass Mount 
Weather in such ways that observations are fairly well distributed 
in the different quadrants of the high and in the different seasons of 
the year. There is more uniformity in the direction of motion of the 
low-pressure areas as they pass Mount Weather, also more uniformity 
of path. The great majority of these areas pursue an east-north- 
easterly course well to the north of Mount Weather; some pass up 
the coast to the east. It follows that very few observations have 
been made in quadrants I and II of low-pressure areas, while quad- 
rants III and IV are well represented. More observations have been 
made in quadrants II and III than in I and IV, respectively, owing 
to the better weather conditions. 

Tables TV, VT, and VIII show the means of the temperature obser- 
vations made in the above-described groups at levels 250 meters 
apart up to 7,250 meters above sea level. In Tables V and VH, 
quadrants I and IV, and II and III have been combined and the mean 
temperatures for the different seasons shown of high and of low pres- 
sure areas, respectively. With each column of mean temperatures in 
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any table is a column showing the weights of the means and one 
diowing the mean change in temperature per 100 meters of altitude. 
Figures 2 to 5, 6 to 9, and 10 to 12 are, respectively, graphic repre- 
sentations of the data in Tables IV, VI, and VIII. To the right and 
at the foot of each curve in these figures is the nxmiber of observa- 
tions represented in the mean, while below is the temperature of the 
point common to the curve and the base line. 

Comparison of the means shown in these tables and figures with 
the means found in the summary of the first three years' observations 
emphasizes the conclusion that they are quite characteristic of their 
respective groups. Whether or not they represent actual mean 
conditions in their respective groups will depend upon the niunber of 
observations in any group and upon considerations already dis- 
cussed in connection with the mean monthly temperatures at the 
different levels. Of the latter the diurnal distribution of the obser- 
vations from which the means are computed is the most important. 
Corrections on accoimt of this distribution are needed in the lower 
levels only. 

The temperature gradient in high-pressure areas is decidedly larger 
for the first than for the second 500 meters above the moimtain top. 
The same effect is noticeable in the quadrants 11 and HI of the low- 
pressure areas but is apparently absent in quadrants I and IV. 
This effect is probably accounted for by the fact that the observations 
were made near the diurnal maximum of temperature. The diurnal 
maximimi of temperature is least prominent in the usually cloudy 
quadrants I and IV of the low-pressure area, more prominent in the 
other regions mentioned. 

In those levels between 1 and 2.5 kilometers above sea level, i. e., 
0.5 to 2 kilometers above the mountain top, the temperature gradient 
is smaller than either above or below these limits. In both high and 
low pressure areas this phenomenon varies from being hardly notice- 
able in the clearer summer months to being very pronounced in the 
winter months. If this peculiarity of the temperature gradient is 
accounted for by condensation of moisture in the levels considered, 
its variation with the seasons may be accounted for by the relatively 
greater (vapor content of the air considered) condensation taking 
place in these lower leve^ in the winter than in the summer months. 
It may be remarked that the inversion of temperature in these levels 
is as persistent from day to day throughout the winter months as is 
the upper inversion of temperature, foimd in this coimtry to begin 
at about 15 kilometers above sea level. (See this bulletin. Vol. IV, 
pt. 4.) 

The temperature gradient between the 2.5 and 4 kilometer levels 
is less variable from season to season and from quadrant to quadrant 
than that of the lower levels. In high-pressure areas at these levels 
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the variation from the mean of 5.2° per kilometer is always less than 
1^, the groups by quadrants and seasons considered. In low pres« 
sure areas the variation from the mean of 5.8° per kilometer is fre- 
quently greater. The winter gradient at these levels is on the average 
the same in the high as in the low pressure areas^ while the simuner 
gradients show the greatest mean difference. All levels considered, 
summer temperature gradients are the largest and winter temperature 
gradients the smallest, whatever group is considered. 

MOUNTAIN AND VALLEY TEMPEBATUEES IN THE VICINITY OF MOUNT 

WEATHEB. 

In order to extend the temperature observations to lower levels 
than the moimtain top and to study the effect of topography on the 
distribution of surface temperature in this vicinity, cooperative 
stations were established, one in the middle of either valley and one 
at the foot of the ridge on the east side. Audley is about 13 kilo- 
meters to the northwest and Benton's about the same distance to 
the southeast of Mount Weather. Trapp is about 2 kilometers to 
the east-southeast of Mount Weather. None of these stations lies 
far from a line through Mount Weather and at right angles to the 
direction of the ridge. Their heights above sea level are 152, 137, 
and 217 meters in the order named above, while Moimt Weathet is 
526 meters above sea level. The slope of the ridge on the southeast 
side is fairly steep, that on the northwest side is considerably less 
steep and broken by foothills. Audley is a somewhat more exposed 
station than Benton's and the mean temperature is slightly lower. 
Temperatures at Audley and Benton's are both lower on the average 
than those at Trapp. The iBrst two stations have the characteristic 
diurnal variation of valley stations, i. e., a wide range of temperature, 
especially on clear days. The diurnal variation at Trapp, while 
differing somewhat in type from that on the mountain top, is more 
like the latter than it is Uke that of the valley stations. Trapp may 
be called a slope station. Its temperature is nearly always above 
that of Mount Weather and in the means differs from Moimt Weather 
by about 5/7 of the adiabatic rate for dry air. On clear qxiiet nights 
there is sometimes an inversion of temperature between Trapp and 
Moimt Weather. Under these conditions there is always an inversion 
between the valley stations and Mount Weather. An inversion of 
temperature between the low and high level stations is never foimd 
in cloudy weather. W^hen a high-pressure area is passing, the tem- 
perature at Mount Weather usually reaches its minimum in the west 
to northwest wind in front of the maximum air pressure. The 
temperature at the valley stations usually reaches its miTiirmiTYi in 
the clear, calmer conditions that accompany the passing of the 
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maxiiniiin air pressure. The valley minimum is lower than the 
Mount Weather TninimuTn when the above conditions of air pressure 
are well defined. The temperature at Trapp is probably less influ- 
enced by the pecuUar topography than that at either Audley or 
Benton's. It has therefore been used in extending the free-air 
isotherms below the Mount Weather level. 

The temperature diflFerences between the valley stations and Mount 
Weather do not depart far from the normal order except, as noted 
above, in clear, quiet weather. Whether the extraordinary tempera- 
ture differences existing at such times owe their occurrence to large 
departures from the normal of the valley or of the mountain tempera- 
tures, or to both, and how far under clear, quiet conditions the Mount 
Weather temperatures depart from free^air temperatures at the same 
level, are questions of interest in connection with the upper-air work. 
The extremes of temperature in the valleys are of interest especially 
in the spring and autumn months, the seasons of late and early frosts. 
In order to get a quantitative idea of the relations existing between 
the mountain and valley stations on clear, comparatively quiet days, 
the hourly temperatures on all such days for the year, July 1, 1910, to 
June 30, 1911, have been considered. The clear days of this year have 
also been used in a later consideration of absolute humidity in the 
valley and on the mountain. 

These temperatures are so charted " in figure 33 as to be readily 
compared. The thermometers at all stations were exposed in louvered 
shelters and about 2 meters above the earth's surface. The tem- 
peratures recorded by these thermometers are those referred to as the 
moimtain and valley temperatures. 

The following are some of the facts shown in figure 33 that should 
be noted as characteristic of clear and comparatively quiet atmospheric 
conditions: While the Trapp temperatures are always above those 
of Mount Weather, they are farthest above at about the time of the 
diurnal maximum. The Trapp maxima and minima lag a little be- 
hind those of Mount Weather. The Audley temperatures have a 
higher minimum and a lower maximum daily temperature than have 
those of Benton's except in the sununer months. The diurnal minima 
at both the valley stations are more sharply defined than those of 
either Trapp or Mount Weather. The tnaxima of the valley stations 
are not so sharply defined as the minima and are above the Mount 
Weather maxima by nearly the adiabatic rate. Benton's is shown to 
be the more characteristic valley station, Audley having to a limited 
extent slope station characteristics. In the spring months the Ben- 
ton's and Mount Weather temperatures are the same at 7.45 a. m. and 
8.45 p. m., in the summer at 6.45 a. m. and 9.20 p. m., in the autumn 
at 8.20 a. m. and 6.50 p. m., and in the winter at 10.10 a. m. and 5.45 
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p. m. The difference in temperature between Benton's and Mount 
Weather is nearly constant and but little less than the adiabatic rate 
between the two stations from 9 a. m. to 5 p. m. in the spring and in 
the summer months, from 9 a. m. to 4.30 p. m. in the autunm, and 
from 12 noon to 4 p. m. in the winter. (Free-air observations at 
Mount Weather indicate that on clear, quiet days the approximately 
adiabatic rate of temperature decrease obtains to a height of several 
hundred meters above the mountain top.) The Mount Weather 
diurnal maxima and minima are, as a rule, a little later in the day than 
those of Benton's. The differences between the Mount Weather and 
Benton's minima are 4.4 degrees centigrade in the spring months, 1.6 
in the summer, 3.8 in the autumn, and 6.7 in the winter. The diurnal 
range at Benton's is 18.3 degrees centigrade in the spring months, 13.1 
in the sunmier, 17.5 in the autumn, and 16.9 in the winter. 

The most influential factors in the determination of these tempera- 
tures are insolation, terrestrial radiation, and topography. Prof. 
Kimball has made some simultaneous observations of insolation at 
Trapp and Mount Weather. It appears from these measurements 
that on clear days the insolation at Trapp is about 95 per cent of that 
at Mount Weather. Terrestrial radiation when measured on clear 
nights seems to vary, within certain limits, rather directly with the 
absolute humidity. (See A. Angstrdm, The Astrophysical Journal 
for June, 1913.) Unfortunately, only the dry-bulb thermometer was 
read at the valley stations. Both wet and dry bulb were read at 
Trapp during part of the time that station was in operation. The 
8 a. m. psychrometer observations for one year at Trapp have been 
reduced. The mean for the year, all days considered, is 7.5 grams per 
cubic meter at Mount Weather, and 8 grams per cubic meter at Trapp. 
The maximum values 13.9, and 14.7, respectively, are found in July; 
the minimum, 2.7 and 3.1, in December of the year selected (July 1, 
1910, to June 30, 1911). These values can not be used in applying 
Angstrom's observations, all of which have been made on clear nights, 
but they serve for an interesting comparison with the corresponding 
values for the clear days of this year. Clear days considered, the 
means for the year are 6.6 and 7.2 ; the maximum values, 13.8 and 14.7 ; 
and the minimum values, 2.2 and 2.3. The maxima and minima at 
both stations occur in July and December. Angstrom's observations 
were not of sufficient range to cover all of these humidities, but applied 
to the mean values and to the months as far as they go (May to 
October) terrestrial radiation at Trapp is found to be 97 per cent of 
that at Mount Weather in the year and to vary by less than a half of 
1 per cent from this value in any of the months mentioned. It is 
probable that the values of the absolute humidity at the valley sta- 
tions are somewhat higher than those at Trapp. If they are, the 
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ratio of the nocturnal terrestrial radiation a;t the valley stations to 
that at Mount Weather will be larger than that between Trapp and 
Moimt Weather. The indications are that this ratio is between 95 and 
97 per cent. 

The radiation from the earth to the sky has been observed more 
frequently at night than during the day. It is probable that in the 
warmer hours of the day the earth is receiving heat from the sky, 
though observers differ on this point. 

That 5 per cent of the solar radiation received at Mount Weather 
should be absorbed or reflected by the air mass between the Mount 
Weather and valley levels is an interesting fact, and one that should 
be supported by more extended observation. The air in a perpendicu- 
lar column of 1 square centimeter cross section and extending from the 
Trapp to the Mount Weather level is only about three- tenths of a cubic 
meter in volume, or about thirty-five hundredths of a gram in weight. 
It is readily seen, therefore, that if only a small part of this 5 per cent 
of the insolation at Mount Weather is absorbed by the air between 
these two levels the heating during a clear day would be very great. 

Meastu*ed in calories per square centimeter per minute, nocturnal 
terrestrial radiation at Mount Weather on a clear night is probably 
0.18 to 0.2, or about 15 per cent of the maximum solar radiation 
received at the earth's surface on a clear day. It seems that very 
approximately this ratio between insolation and nocturnal terrestrial 
radiation also obtains at the valley stations. Observations of noc- 
turnal terrestrial radiation at different altitudes have recently been 
made by A. Angstrom. These observations have not yet been fully 
reduced, but in Angstrom's opinion they indicate a large absorption of 
terrestrial radiation by the water vapor of the air below the 1 kilo- 
meter level. This being the case, a large percentage of the heat 
energy in that part of the terrestrial spectrum absorbed by water 
vapor will be absorbed by the air in the valley below the Mount 
Weather level. 

The air at the earth's surface on the mountain top and slopes and 
in the valley will be cooled on a clear, quiet night by contact with the 
earth, and, since the latter is losing heat more rapidly on the moun- 
tain top than in the valley, the air on the mountain top will be in 
contact with the colder surface. 

It has been shown that the air mass between the Mount Weather 

• 

level and the bottom of the valley becomes heated on a clear, quiet 
day to as high a temperature as convective mixing with air at higher 
levels wiU permit; and that nocturnal terrestrial radiation, while cool- 
ing the earth's surface and a thin layer of air in contact with it, 
tends to maintain the high temperaturQ of this air mass throughout 
the night. In a quantitative consideration of this heating, radiation 

2384a-14 2 
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from the air mass itself would need to be considered. The rapid 
cooUng in the thin surface layer of air, together with the very slow 
cooling in the layer immediately above it, gives rise to a sharp inver- 
sion of temperature, probably amounting in the early part of a 
clear, quiet night to 8® or 10® C, with the maximum tempera- 
tm'e in the free air at one to two hundred meters above the valley 
floor. A balloon observation in the free air above the valley on 
a clear, quiet night would be interesting in this connection. While 
none has been made or is now possible before next spring in this par- 
ticular location, we have made balloon observations in somewhat 
similar conditions of atmosphere and topography. These observa- 
tions were made in southern California and in the time between 
sunset and 11 p. m. Inversions of temperature of 7** to 11** C. 
were found between the earth's surface and the 150 to 176 meter 
level. The continued increase through the night of this tempera- 
ture inversion above the valley station is checked by the convective 
interchange which must take place as soon as the cooling of the air 
on the mountain top or slopes has established the requisite tempera- 
ture difference between itself and the stratum of air at or below its 
level and above the valley having the highest potential temperature. 

It follows that on clear, quiet days the diurnal extremes of tempera- 
ture at Mount Weather, which would otherwise be more pronounced 
than those of the valley stations, are tempered — in the daytime by 
convective interchange of the warm surface air on the mountain top 
with the cooler free air at the same and at higher levels; in the 
nighttime by convective interchange between the cool surface air 
on the mountain top and the warmer free air at the same ,or at lower 
levels. The same may be said of any slope station, the only difference 
being that in the case of a slope station the tempering effects will 
not be so marked. At a station in the bottom of the valley the 
diurnal maximum of temperature will be tempered by convective 
interchange of the warm surface air with the cooler free air at higher 
levels. The diurnal minimum at such a station is but Uttle (depend- 
ing on the slope of the valley floor) directly affected by any convective 
interchange of air. The indirect effect of the convection going on in 
the warmer layer immediately above the surface stratum must be 
small, since cooling in this layer could only affect conduction and 
radiatioii potential differences. 

An interesting characteristic of the Trapp thermograms on clear, 
quiet nights is the irregularity of the curve as it descends to the diurnal 
mimimum. Irregular fluctuations of 1 or 2 degrees in temperature at 
irregular intervals of less than an hour are indicated. These fluctua- 
tions of nocturnal temperature are found to be characteristic of slope, 
but not of valley stations. They indicate that there is not a stream 
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of cool air past the slope station, but a direct convective interchange 
between the cool air on the slope and the free air over the valley and 
at the same or slightly lower levels. It is readily seen that this con- 
vective circulation will be tangent to the earth's surface at all points 
on the slope of the mountain, and that it will account for the move- 
ment at irregular intervals of warm and cold air past any point on 
the slope. There seems at no time during the day or night to be any 
convective interchange between the air masses in which the thermome- 
ters at the mountain and valley stations are exposed. As the com- 
parative data given above for clear, quiet days indicate, the tempera- 
ture differences between these air masses are of the right sign for 
convective interchange during only a part of the day, i. e., nearly as 
long as the period of insolation but beginning one and one-half to 
three hours later than sunrise and ending from three-fourths to one 
and three-fourths hours later than sunset. Dining this time the 
Mount Weather temperatures are somewhat higher than those of the 
free air at the same level. Consequently, convective int^change will 
be between the air about the valley station and the free air above 
it rather than with the surface air of the mountain top. 

The above interpretation of the mountain and valley data should 
hold for hills of such height that their tops are higher above the 
plain or valley floor than the depth of the thin layer of air that is 
cooled at night by conduction of heat to the cool surface of the 
earth. For very small differences in elevation, i. e., for differences 
well within this thin surface layer of air, and for differences of eleva- 
tion connected by very gentle slopes, the cooling of the air on the 
tops and slopes by conduction to the cool earth surface and by radia- 
tion will more than offset the adiabatic heating of the air in its dow 
descent, and the phenomenon sometimes called air drainage will 
result. Such a flow of air does not, as has been pointed out above, 
take place on the steeper slopes. Under given conditions it should 
be possible to determine the limiting height of a hill, also the limiting 
steepness of a slope below which the phenomenon will be drainage 
and not the convective interchange between surface and free air 
above described. This flow of air down gentle slopes is started by 
the unequal cooling of the earth's surface which in turn owes its 
existence to inequaUties in terrestrial radiation. It takes place 
along stream and river beds and may be observed on plain as well 
as on valley floors. So long, therefore, as the valley is fairly open 
but little if any difference will be found between its hourly tempera- 
tures on clear quiet days and those of a near-by plain at the same 
level. The differences found will be owing largely to the constitu- 
tion of the air above the stations compared. This statement will 
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not apply to a basin from which there is no outlet. In the bottom 
of such a basin, because of the entire lack of drainage, the diurnal 
minimum of temperature will be lower than that of either valley or 
plain at the same level. 

In answer to the questions raised earlier in this discussion on 
mountain and valley temperatures it must be concluded: 

1. That the surface air temperature on the mountain top on 
clear quiet days departs from the temperature of free air at the 
same level positively as a result of the heating of the earth's surface ' 
by insolation and negatively because of the cooling of the earth's 
surface by nocturnal terrestrial radiation, but these departures are 
limited to just such temperature differences as are needed to start 
the convective interchanges described above between the surface 
air on the mountain top and the free air at the same or higher levels 
during the day, at the same or lower levels during the night. This 
statement is in general appUcable to the temperature observed at a 
slope station. 

2. Simultaneous measurements of terrestrial radiation and addi- 
tional measurements of insolation on clear quiet days at the moun- 
tain and valley stations are needed before it can be decided whetlier 
or not the mountain has at such times any effect on the valley tem- 
peratures aside from its effect as a barrier to atmospheric circulation. 
Such an effect if it exists will be small in the vicinity of Mount 
Weather since the ratio between insolation and terrestrial radia- 
tion is practically the same on the mountain top and in the valley. 
Comparison of valley temperatures with those of the adjacent moun- 
tain tops and slopes rather than witli the temperatures of near-by 
plains of about the same elevation seems to be largely responsible 
for the idea that the diurnal minima in the valley are abnormally 
low under clear quiet atmospheric conditions. 

OBSERVATIONS OF HUMIDrTY DURING THE FIFTH YEAR OF THE PERIOD. 

Tables XVII to XXI sliow the variations observed in absolute 
humidity with surface air pressure, time of the year, and altitude 
up to 3 kilometers. In every case the number of observations is 
shown with their mean. Figures 29 to 32, inclusive, illustrate parts 
of Tables XVII to XXI. In the preparation of these tables and 
figures the observations for each month were grouped into those 
made in the front half of a high-pressure area (Hf), those made in 
the rear half of a high-pressure area (Hr), those made in the front 
half of a low pressure area (Lf), and those made in the rear half of 
a low pressure area (Lr). There appeared some similarity of mois- 
ture distribution in the first and fourth groups, i. e., in the region of 
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rising surface air pressure (H— >L), and in the second and third 
groups, i. e., in the region of falling surface air pressure (L— *H). 
Means have therefore been shown in the tables for the groups H-->L 
and L—>H. Means of all observations made in the high pressure 
areas (H) and in the low pressure areas (L) have been put in the 
tables for the convenience of those who may have occasion to use 
them, also the means of all observations regardless of surface air 
pressure. 

The shapes of the curves in figure 29 are more characteristic of 
their component observations than the numerical values of their 
abscissae. The latter vary through rather wide limits. Evidence 
of this is found in the deformations of some of the curves at the 
the upper levels where the number of observations has begun to fall 
off rapidly. 

The curves for the spring and autumn months, figure 31, are similar 
both in form and position. The curves for the winter and summer 
are very different in both respects. The decrease of moisture content 
with altitude is greater near the earth's surface in the summer months, 
while in the winter months this greatest decrease is found at about 
the 2.5 or 3 kilometer level. Comparison of figures 29 to 32 with 
figures 2 to 12 indicates that the types of moisture content distribu- 
tion described accompany certain types of temperature distribution, 
which, in their turn, are closely related to surface air pressure. 

The variety of form and position shown by the curves in figures 29 
to 32 bears out the statement made in this Bulletin (Vol. V, p. 21) 
with reference to formulae for approximating the amoimt of water in 
the atmosphere above a given area of the earth's surface. These 
formulee are based upon an observation of the absolute humidity at 
the earth's surface. While they may be of value as concise approxi- 
mate expressions of mean conditions, they can not be expected to 
give even roughly approximate values for particular times or 
conditions. 

WIND DIRECTION AT THE DIFFERENT LEVELS IN RELATION TO THE 

SURFACE AIR PRESSURE. 

The wind directions as observed at the different levels during the 
five-year period have also been grouped with reference to surface air 
pressure. The three pressure groups already described in the con- 
sideration of the relation of temperature distribution in the free air to 
surface air pressure have been used. The same subdivisions of the 
third pressure group are also used, but in the first and second pressure 
groups the subdivisions are the octants numbered 1, 2, 3, 4, 5, 6, 7, 
8, counterclockwise from the forward half of a line through the 
center and lying in the direction of motion of the high or low pressure 
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area. Each octant is further subdivided into observations made 
within 500 kilometers of the center of the disturbance under consid- 
eration, those made between 500 and 1,000 kilometers from the 
center and those made outside of 1,000 kilometers from the center. 

Figures 13 to 20, inclusive, show the means of the wind directions 
observed in high-pressure areas at the surface and at higher levels. 
The niunber of observations included in any mean is indicated to the 
left of the red arrow representing that mean. Figures 21 to 28 show 
similar means in low-pressure areas. The niunber of observations 
is indicated as in figures 13 to 20. Tables IX to XIV show those 
wind direction observations made during the last two years of the 
five-year period, when the surface air pressure was more than 769.5 
and less than 764.6 millimeters of mercury. Wind observations in 
this group for the first year have appeared on pages 148 to 150, 
Volume II, of this Bulletin, and for the second and third years on 
pages 43 to 49, Volume IV. 

The laige arrow across the face of each figure, 13 to 28, points the 
direction of motion of the high or low pressure area in which the 
observations were made. Of all high-pressure areas in which obser- 
vations were made diuing this five-year period, 2 per cent were 
moving north, 8 per cent northeast, 10 per cent east-northeast, 32 
per cent east, 20 per cent east-southeast, 13 per cent southeast, and 
15 per cent south at the time of observation. 

Of the low-pressure areas, the percentages moving in these directions 
were 2, 30, 23, 37, 4, 3, and 1, respectively. The relation between wind 
direction and tlie direction of motion of the disturbance considered is 
fairly characteristic both in the high and in the low pressure areas. 
The large arrows, showing directions of motions of the high-pressure 
areas, have therefore been superposed and mean wind directions 
foimd in each of the three subdivisions of each octant. The same 
plan has been followed in obtaining the mean wind directions shown 
in the low-press!ire areas. Tables XV and XVI supplement figures 
13 to 28, Table XV, for high-pressure areas and Table XVI for low. 
In each of these tables there are two columns for each level consid- 
eredl The first column shows the number of observations made. 
The second shows the angle in degrees between the arrows showing 
the mean of these observations and the tangent at the point of the 
arrow to a circle about the center of the high or low pressure area 
considered. In Table XV, if an arrow has a component toward the 
center of the high-pressure area, the angle it forms with the tangent 
at its point is negative. In Table XVI, if an arrow has a component 
away from the center of the low-pressure area, it forms a negative 
angle with the tangent at its point. Table XV shows a sharp change 
in the value of these angles between octants VI and VII. The same 
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sharp change is indicated in Table XVI between octants II and III, 
but the number of observations in this part of the low-pressure area 
is small. Elsewhere in the high and in the low pressure areas the 
change in the value of the angles is more gradual. 

By thinking of the red arrows in figures 13 to 28 as tangent to the 
lines of flow of the air in high and in low pressure areas, one is able 
to follow these lines in a general way. They are fairly well-defined 
spirals at the earth's surface, although, as far as they may be fol- 
lowed, none of these spirals subtends an angle at the center of the 
area of more than 180° and most of them subtend smaller 
angles. Above the 2-kilometer level, the hues of flow no longer 
have the spiral form, but indicate merely a deflection to the left of 
the center of high and to the right of the center of low pressure areas. 
This deflection is less marked in the higher levels. The sixth and 
seventh octants of the high-pressure area is a region of compara- 
tively dead air. At the earth's surface the motion of this air mass 
may be decidedly opposite to the direction of motion of the area, 
usually depending on the intensity of the disturbance as measured 
by the barometer. At levels above 2 kilometers its motion is with 
the direction of motion of the area and apparently increasing in 
velocity with altitude. A similar condition is indicated in octants II 
and III of low-pressure areas, but the observations made in these 
octants are few in number. 

OBSERVATIONS OF WIND DIRECTION AND VELOCITY DURING THE FIFTH 

YEAR OF THE PERIOD. 

The wind directions, observed to 16 points, for this year have been 
considered in making figures 13 to 28 and Tables IX to XVI. In 
this particular part of the discussion they are considered with the 
observed wind velocity for the purpose of getting the resultant air 
movement. - 

In all, 550 simultaneous observations of the direction and speed of 
air movement were made at the 1-kilometer level. This number 
decreases with the altitude of the level considered. Of these 550 
observations, 172 were made in the spring months; 133, in the sum- 
mer; 113, in the autumn; and 132, in the winter. Observations of 
wind velocity could be made when the meteorograph was carried by 
a kite and not when it was carried by a captive balloon. Two 
observations were made on every day possible at all levels that could 
be reached by means of the kites. The cause of failure to obtain 
observations on a summer day was usually the absence of suflScient 
air movement in which to fly the kites. On a winter day the failure 
was usually accounted for by too much air movement, though 
occasionally by too little. 
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A kite flight started in an easterly wind in the summer months 
usually reached the top of the easterly current and no higher. 
Between this easterly wind and the westerly wind above it there is 
a stratum of a kilometer or more in thickness in which there is little 
or no air movement. In the winter months this stratum is not so 
thick nor is it altogether lacking in air movement. It nearly always 
happens that the kites rise through it or may be thrown up through 
it into the westerly wind above by reeling them in a short distance 
at high speed. 

In this vicinity, at the earth's surface, summer winds have about 
half the average velocity of winter winds and the easterly winds have 
a much lower velocity than the westerly. It follows that in the 
summer months observations in easterly winds are, relatively, less 
numerous than those in westerly winds. It is also true that, what- 
ever the season, precipitation occurs mostly in winds the direction 
of which is easterly. Sometimes precipitation prevents kite flying; 
at other times the flights are lower because of it. 

These limitations on the method of observation are mentioned 
because of their effect on the distribution of the observations. They 
need to be kept in mind in considermg the reduced data found in 
Tables XXII to XXVII. 

Tables XXII and XXIII show the frequency and mean velocity of 
the differently directed winds observed at selected levels above 
Mount Weather for each season and for the year. The numbers in 
Table XXII show for the year the percentage of the winds observed 
at each level that were blowing from each of the 16 points. It 
appears from this table that northerly and southerly winds are 
relatively more frequent at the 1 to 1$ kilometer than at other 
levels. Easterly winds are relatively more frequent at the surface 
than at other levels, while westerly winds increase in relative fre- 
quency with altitude as far up as these explorations go. Tables 
like XXII have not been made for the different seasons, but in a 
general way the deductions from it hold for all seasons. Seasonal 
peculiarities in the frequencies of the differently directed winds ob^ 
served at the different levels may be seen in the numbers of observa- 
tions shown in Table XXIII. 

The mean velocity of all winds from any of the 16 points observed 
at any level is shown in Table XXIII for each season and for the 
year. A fairly rapid increase of velocity with altitude from the 
earth's surface up to about the 1-kilometer level seems to be charac- 
teristic of all winds whatever their direction. It appears that the 
higher the wind velocity, the farther up this rapid increase in velocity 
extends. Above the 1-kilometer level, westerly winds increase 
rather steadily in velocity as far up as these observations go. North- 
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erly and southerly winds seem usually to reach their maximum speed 
at about the l^-kilometer level, while the maximum speed of easterly 
winds is usually found below this level. These remarks on Table 
XXIII have general application. The most noticeable seasonal 
peculiarity is the lower speeds of the winds at all levels explored in 
the summer than in the winter months. Minor seasonal peculiarities 
appear to be related to this more prominent one. 

Tables XXII and XXIII may contain data of value to those inter- 
ested in aerial navigation. It appears in Table XXII, for example, 
that more than 90 per cent of the winds observed at the 2-kilometer 
level have a positive west component. * Such winds are relatively 
less frequent below this level and more frequent above it. Increasing 
uniformity in the direction of the air movement at the higher levels 
is accompanied by increasing uniformity in the rate of this movement 
and therefore by less necessity for vertical air currents. The behavior 
of the kites in flight also indicates that the disturbed condition of 
the air near the earth's surface which may be accounted for by the 
topography and by unequal heating is seldom found above the 2- 
kilometer level. 

The component and resultant air movement observed at the dif- 
ferent levels are shown in Tables XXV to XXVII. In order that 
these data may be seen in their relation to air pressure at the earth's 
surface as well as to the general circulation of the atmosphere they 
have been grouped according to the wind directions at the 1- 
kilometer level as well as by seasons. The relation existing between 
the wind direction at the 1-kilometer level and the air pressure at 
the earth's surface, Table XXIV, is sufficiently close and definite 
for the purpose of this discussion. The headings in Table XXIV, Hi 
Hj — L4 refer to the first, second — fourth quadrants of high and low 
pressure areas. H— >L stands for the region between isobars 759.5 
and 764.5 when the high-pressure area follows the low-pressure area, 
L— j'H is bounded by the same isbbars but the low pressure follows 
the high, ,Ch— >Cl is the region between the centers of low and high 
pressure, and Cj,— >Ch is the region between the centers of high and 
low pressure. The arrows indicate the order of motion of these 
centers. Figures 14 to 22 also show the relation existing between 
wind direction at the 1 -kilometer level and the diflFerent types of 
surface air pressure. It is probable that in a flat country, wind 
directions at the 1-kilometer level would be less characteristic of 
the prevailing type of surface air pressure than those of some lower 
level. It is thought that, in the vicinity of Mount Weather, the 
influence of topography on the directions of surface and low level 
winds masks somewhat their relations to the prevailing type of surface 
air pressure. 
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The west and north components of the observed air movement at 
the dijfferent levels have been considered. Table XXV shows the 
former; Table XXVI the latter. The means for the diflFerent seasons 
and for the year at all levels show that the west component of the 
air's movement increases rather steadily with altitude. The north 
component has a maximum value at the 2.5-kilometer level in thi^ 
summer and autumn months, at the 1.5-kilometer level in the winter 
months, but a minimum value at the 1-kilometer level in the spring 
and at the 0.76-kilometer level in the year. On the whole this com- 
ponent varies little with altitude. 

The value of the west component, also its rate of increase with 
altitude, is greatest in the winter and least in the summer months, 
all levels considered. It is less up to the 1.5-kilometer level but 
increases more rapidly with altitude in the spring than in the autumn 
months. The value of the north component varies but little from 
zero in the winter and spring months. For the upper levels in the 
winter months and the lower levels in the spring months this variation 
is negative. This component, though never large, is positive at all 
levels in the summer and in the autumn months. Its maximum 
value, at the 2.5 kilometer level in both seasons, is 4.3 meters per 
second in summer and 4.1 in autumn. 

Considering the limitations of the method of observation, 1. e., that 
observations could not be made daily, and that only two observations 
a few hours apart could be made on any one day, the information 
furnished by these wind data on the part taken by the lower 3 kilo- 
meters of the atmosphere over Mount Weather in the general atmos- 
pheric circulation can not be considered quantatively accurate. • It 
is probable, however, that most of the general indications, above 
pointed out, are qualitatively correct. 

When these components are considered for the different wind direc- 
tions at the 1-kilometer level, such variations from the mean values 
are found as may be expected from the fact that whatever their direc- 
tion all winds usually increase rapidly in velocity up to about the 1- 
kilometer level. Up to this level the west component decreases in 
value in easterly winds, increases rapidly in westerly winds, but in the 
mean shows about the same rate of increase with altitude as it shows 
at higher levels. Above this level the west component usually in- 
creases at about its mean rate for the season whatever the wind direc- 
tion at the level. The value of the north component decreases in 
southerly winds and increases in northerly winds though the mean 
shows little variation with altitude up to the 1-kilometer level. The 
north component usually has a not very pronounced maximum value 
in northerly winds and minimum value in southerly winds at the 1 
to 2 kilometer level; i. e., at the level of maximum frequency of 
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these winds. This information of the relation between surface air 
pressure and the air movement at diflFerent levels above the surface 
is fairly well founded, the distribution and number of the observations 
for this purpose being much better than for the study of the general 
atmospheric circulation in the levels explored. The upper winds are 
westerly whatever the surface air pressure because of the increasing 
value of the west component with altitude. The north component 
actually varies but little with altitude, and is only relatively smaller 
at the higher than at the lower levels. 

The resultant values of these components and the nimiber of 
observations considered, for each group and level, are shown in Table 
XXVII. 
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Table IX.—Low NW,, IF., orSW.; high NE,, E,, orSE, of M(mrU Weathe^. 




Li^tntn. 
- |8olar halo; lic^t rain. 



Apr. d... 

Apr. 21.. 
May 10.. 
May 12.. 

* CW. and CCW. repretsnt olockwiae and oounter-olookwlae, respeotlvoly. 

iVazlabla. < 8W. at 5,000 m. • W. at 6,000 m. 
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Tablb IX.— Low NW., W., or SW,; Ugh NE,, E., or 8E. of Mount TTcoifcer— Contd. 



Date. 



Wind direction at— 



Wind 
veloc- 
ity at 
eur- 
face. 






Sur- 
face 
626 



1911. 
May 19.. 
May 20.. 
May 21.. 
May 22. 

May 23. 

May 29. 

Jnxie4.. 

June 26. 
June 20. 



m.p.9. 
8 
8 
3 

6 

3 
4 

7 

6 
2 



1,000 
m. 



eee.! ! Calm 



aa. 



Calm 



aa. 
se. 



2,000 
m. 



3.000 
m. 



wnw. 

SW. 



se. 



se. 
e.i 



ssw. 



wsw. 



SW. 



4,000 
m. 



Clouds. 

Turn- , - 

ing 
CW. or 
CCW.» Am't. Kind. 



Remarks. 



CW. 
CW. 
CW. 
CCW. 



CCW. 

CW. 

CW. 
CW. 



Pew. 


3 
6 
1 
2 

[Few. 
2 

e 
1 

8 

7 



Dir. 






1 

Cu. 


wnw. 


r 


Cu. 


se. 


Ci.-St. 


wsw. 


Cu. 


SW. 


A.-8t. 


nnw. 


St^Cu. 


se. 


CL-Cu. 


nw. 


St.-Cu. 


nw. 


A.-8t. 


wsw. 


St. 


se. 


8t.Cu. 


wsw. 



Light base. 
Ll^thase. 
Light haie. 



}Lig^t 



rain. 



* CW. and CCW. represent dookwise and oountemdockwlse, respectiyely. 

1 Variable. 



•• • » . 

a 
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Table X,—Low NE. or E.; kigh NW,, Tf., or 8W,, of Mount Weather. 



Date. 



1910. 
July 9.. 
July 10. 
July 11. 

July 13. 

July 15. 
July 22. 
July 23. 

July 26. 
July 31. 

Au^. d. . 

Aug. 7. . 
.Aug. 9. . 
Aug. 11. 

Aug. 19. 

Aug. 26. 
Aug. 20. 
8ept.4.. 

Sept.O.. 

Sept. 18. 
Sept. 21. 

Sept. 28. 

Oct. 9.. 

Oct. 11.. 
Oct. 12.. 

Oct. 16.. 

Oct. 23.. 

Nov. 6.. 

Nov. 7.. 
Nov. 16. 
Nov. 17. 
Nov. 18. 

Nov. 22. 

Nov. 24. 
Dec. 2. . 
Dec. 4.. 

Dec. 7.. 

Dec. 11. 
Dec. 21. 

1911. 
Jao. 14.. 

Jan. 27.. 
Feb. 10. 
Feb. 18. 



Wind 
veloc- 
ity at 
sui^ 
teoe. 



iii.p.f. 
2 

6 
8 



4 
6 
9 

8 
6 

8 

2 
8 
6 



Wind direction at— 



Sur- 
feKse 
626 
m. 



w. 

wnw. 

nw. 

wnw. 

nw. 

w. 

w. 



nw. 

w. 

nw. 
ese. 
nw. 



7 


nw. 


8 


, nnw.i 


12 


nw. 


4 


: 8. 


6 


' wsw. 



6 
3 



wnw. 
n. 



8 I nw. 
11 - wnw. 

I 

4 

11 

11 
12 
16 

7 
13 
19 

6 



wnw. 
w. 

wnw. 

wnw. 

wnw. 
wnw. 
nw. 
wnw. 



11 nw. 



5 
16 
2 , 



wnw. 
wnw. 
w. 



10 wnw. 



20 
18 



wnw. 
nw. 



6 , wsw. 

7 ! wsw. 
18 ' wnw. wnw 
10 - nw. nw. 




Clouds. 



Kind. 



Dir. 



Cu. 

A.-8t. 

8t.-Cu. 

A.-St. 

8t.-Cu. 

C1.-CU. 

Cu. 

Ci.-St. 

Ct-St. 

A.-Cu. 

CL 

A.-Cu. 

Cu. 

Ci.-St. 

A.-St. 

Cu. 

Ci.-Cu. 

Cu. 

St.-Cu. 

Ci.-8t. 

St. 

St.-Cu. 

St. 

St.-Cu. 

St.-Cu. 

Cu. 

Ci.-8t. 

St.-Cu. 

CI. 

A.-St. 

St.-Cu. 

A.-Cu. 

St.-Cu. 

St. 

CI.-CU. 

Cu. 

Fog. 



wsw. 

wsw. 

nw. 

wsw. 

w. 

w. 

w 

w. 

w. 

w. 

w. 

w. 

nw. 



w. 

nw. 

nw. 

nw. 

nnw. 

wsw 

w. 

wsw. 

sw. 

sw. 

w. 

w. 

nw. 

n. 

w. 

w. 

nw. 

nnw. 

nw. 

nw. 

wnw. 



CI.-St. 

A.-Cu. 

A.-St. I 

Cu. ' 

Ci.-8t. 

A.-St. 

CI.-CU. , 

Cu. I 

St.-Cu.i 

Cl.-Cu., 

St.-Cu. 1 

St.-Cu. 

A.-Cu. 

St. 

Fog. 

Ci.-St. 

St.-Cu. 

St.-Cu. 

Cl.-St. 

A.-St. 

St.-Cu. 

St.-Cu. 



nw. 

nw. 

nw. 

nw. 

wnw. 

wnw. 

wnw. 

nw. 

wnw. 

nw. 

nw. 

nw. 

nw. 

nw. 

nw. 

nw. 

nnw. 

wnw. 

wsw. 

wsw. 

wnw. 

nw. 



Remarks. 



hSolar halo. 



Vsolar halo. 

iLlght rain. 
Light rain. 



jsolar halo. 



Light haie. 



^Llght snow. 

Light hase. 

i|statlonary clouds. 
' Light snow. 



A.-St. w. 
St.-Cu.l w. 
CI.-St. I wnw. 
St.-Cu. wnw. 
St.-Cu.' wnw. 
St. wnw. 



Fog. nw. 
A.-JCu. wnw. 
St.-Cu.. wnw. 



wnw.i 
Feb. 19... 14 I nw. nnw. nw. 
♦ C W. and CCW. represent doclcwlse and counter clockwise, respectively. 
1 Variable. > w. at 5,000 m. * nw. at 5,000 m.; wnw. at 6,000 m. 



jsolar halo. 
I Light rain. 



4 nw. at 5,000 m. 
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Table X.—Low NE. or E.; high NW., W., or SW., of Mount TTarfA^r— Continued. 



Date. 



1911. 
Feb. 22... 
Feb. 25... 
Mar.3 

l£ar.3 

U&r. 3 . • . . 
Ifar. 6 

Mar. 18... 

Mar. 21... 
Mar. 23... 
Apr. 1 

Apr. 15... 

Apr. 16... 
Apr. 17... 

Apr. 29... 
May 12... 

May Id. . . 

May 17... 
May 18... 

May 23... 

May 24... 

May 25... 

May 26... 

June 3 

June 6 

June 9 

June 10. . . 
June 19... 

June 20... 

June 21... 
June 22. . . 

June 23... 

June 24... 

June 27... 

June 28... 
June 29... 




Wind direction st- 



liOOO 
m. 



2,000 
m. 



I 



3,000 
m. 



17 
9 

10 

14 
12 



6 

8 

4 


9 

4 
13 



2 

3 
2 
5 

4 

8 

7 
5 

9 

5 

4 

8 
7 



wnw. 


nw. 


w. 


wnw. 


W8W. 


wnw. 


w. 


w. 



wsw. w. w. 



nw. 



nw. 


w. 


wnw. 


nw. 


nw. 


nw. 


wnw. 


wnw. 


wnw. 


wnw. 


nw. 


nw. 


nw. 


nw. 


w. 


calm. 


w. 


w. 


wnw. 


wnw. 


nw. 


nw. 


w. 


wnw. 


nw. 


w. 


wnw.i 


wnw. 


wnw. 


nw. 


se. 


se. 



nw. 



w. 

nw. 

nw. 

wnw. 

wnw. 

wnw, 
wnw. 

cahn. 



wnw. 



wnw. 
sw. 
w. 
nw. 



wnw. 


w. 


n.» 


wnw. 


wnw. 


nw. 


w. 


nw. 


se. 


8. 


wnw. 


nw. 


wnw. 


nw. 


wnw. 


nw. 


wnw. 


nw. 


wnw. 


nw. 


wsw.» 


wnw. 


wnw. 


nw. 


nw. 


nw. 



w. 

wnw. 

nnw. 

nnw. 

w. 

nw. 

nnw. 
nw. 

nw. 
nw. 
wnw. 



wnw. 
wnw. 

wnw. 

w. 

nw. 



4,000 
m. 



Turn- 
ing 
CW.or 
CCW.* 



CW. 
CW.' 
wnw» CW. 



w. 

wnw 



I 



CW. 



nw. 
nw. 
wnw. 



wnw. 



wnw. 



wnw. 



wnw. 



w. 
nnw. 



nw. 



nnw. 

nnw. 
nw. 

nw. 



nw. 
nw. 



wnw. 
nw. 



nw. 



w. 



CCW. 
CW. 



CCW. 



wnw. 



COW. 
CCW. 



w.» 



wnw. 



CCW. 



w. i 
nnw»j 



CW. 
CCW. 
CCW. 
CW. 



nw.« 

nnw« 
nw.» 

nw.' 



CCW. 

CCW. 

CCW. 

CW. 

CW. 

CW. 

CW. 
CW. 

CW. 
CW. 
CW. 



Clouds. 



Amt. Kind. Dir, 



{ 



Remarks. 



^Solar halo. 



^Solar halo. 



} 



Solar halo. 
Light hase. 



JLIght 



base. 



jsolar halo. 
Light rain. 



:}Light 



haze. 



nw. , 
wnw. 



■^CW. and CCW. represent clockwise and counter dookwise, respectively. 



1 Variable, 
s w. at 5,000 m. 



* nw. at 5,000 m. 
» wnw. at 5,000 ni. 



• nnw. at 5,000 m. 

7 nw at 5,000 and 6,000 m. 
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Table XI. — Low moving up Atlantic cooMt; high N. of Mount Weather. 



Date. 




*CW. and CCW. represent doekwiae and counter-clockwise, respectively. 

10. at 5,000 m. 3 n. at 6,000 m. 
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Table XII.-— Zow NW., W., or SW.; high NE., E., <yr SE. of Mount Weather. 



Date. 



1911. 
July 6. . . 

July 15. . 

July 16, . 

July 19.. 
July 31-. 

Aug. 1... 

Aug. 2.. 

Aug. 8... 

Aug. 4.. 

Aug. 7.. 

Aug. 8.. 

Aug. 10. 
Aug. 11. 
Aug. 25. 
Aug. 27., 

Aug. 28. 
Sept. 2.. 
Sept. 5. . 

Sept. 7.. 

Sept 15.. 

Sept. 18. 

Oct. 15.. 

Oct. 16. . 
Oct. 20.. 

Oct. 21.. 

Oct. 31.. 

Nov. 17. 

Nov. 20. 

Dec. 12.. 

Dec. 15.. 
Dec. 24. 

1912. 

Jan. 18. . 

Feb. 19. 
Mar. 8. . 

Mar. 19. 
Mar. 26. 

Mar. 28. 

Apr. 6.. 
Apr. 11. 



Wind 

veloo- 

Ityat 

8ur- 

Caoe. 



6 



{ 



S 

7 

6 

3 

8 

7 
6 



6 
7 
6 

5 

4 
4 
4 

6 

8 

4 
8 



3 

4 
4 

8 

6 
12 



4 
6 



8 

4 
5 

8 
10 



7 
6 



Wind direction at— 




Clouds. 



Kind. 



Cn. 
CI. 

Cl.-St. 
Cu. 
CI. 
CI. 
Cu. 
Ci.-St. 
A.-8t. 
Cu. 
St. 
Cu. 

St.-Cu. 
CI. 

A.-Cu. 
St.-Cu. 
CL-Cu. 
Cu. 
St. 

A.-St. 
Cu. 

•St.-Cu. 
Cu. 
A.-Cu. 
St.-Cu. 
St. 
Ci. 

St.-Cu. 
8t.-Cu. 
St.-Cu. 
A.-Cu. 
Cu. 
CI. 
St.-Cu. 



A.-Cu. 

8t.-Cu. 

Cl.-St. 

Cu. 

A.-Cu. 

A.-St. 

CI. 

St.-Cu. 

81. 

Fog. 

Ct 

Fog. 

St. 

Fog. 

A.-St 

A.-Cu. 

A.-St. 

CI. 

St.-Cu. 

Cl.-St. 

A.-Cu. 

St.-Cu. 

Fog. 

St 



Ci.-St. 

A.-St 

CI.-St 

Fog. 

A.-Cu. 

St-Cu. 

Cl.-St. 

St.-Cu. 

A.-St 

St.-Cu. 

Cl.-St. 



Dlr. 



Remarks. 



8. 

w. 
sw. 

wsw. 



Light base. 



s. 
w. 
w. 
ne. 

SMS* 

8. 

S. 

w. 

w. 

s. 

nw. 

B, 

se. 

sw. 

sw. 

se. 

wnw. 

wnw. 

s. 

wnw. 

wsW. 

wsw. 

wsw. 

S8W. 
SSW. 

wsw. 

SSW. 



w. 

S. 

nw. 

S. 

wnw. 
wnw. 
nw. 

88. 

w. 

e. 

w. 

e. 

nw. 

w. 

sw. 

wnw. 

wnw. 

w. 

w. 

w. 

sw. 

S8W. 



JLight rain. 



Light rata. 
VLight haze. 



88W. 



w. 
w. 
w. 

86. 

w. 

wsw. 
w. 
sw. 

SSW. 
SSW. 

wnw. 



} 



Solar halo. 



jsolarhalo. 
Solar halo. 



}Light 



rain. 



*CW. and CCW. represent clockwise and counter-clockwise, respectively. 

1 Variable. • w. at 5,000 m. • wnw. at 5,000 m. 
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Tablb Xll.—Low NW., TT., or SW.; high NE., E., or 8E. of Mount WmUher-'Con. 



Date. 



1012. 
Apr. 12. . 

Apr. 13. 
Apr. 14. 

^pr. 15. 

Apr. 21. 

Apr. 27. 

May 1... 
May 4... 

May 5. . 

Mayo.. 

May 11.. 
May 14. . 
May 15.. 

May 20... 

May 22.. 

May 28.. 
May 27.. 

June 2. . 

Junes.. 

June 14. 

June 15. 
June 25. 

June 27. 



Wind 

veloo- 

ityat 

sar- 

faoe. 



n.p.t. 
6 

5 

7 

8 
9 
6 

9 

7 

8 



10 
5 
8 

6 

8 

8 
8 



10 

10 
5 



Wind direoUon at— 



Cloudi. 



Sur- 
face 
526 
m. 



s. 



I Turn- 
ing 

1,000 2,000 3,000 4,000 :^^^% 
m. u. m. m. I 



Amt. Kind. Dlr. 



ase. 
sae. 

se. 

SBW. 

sae. 

e. 

se. 
sse. 

8. 

se. 
s. 

sse. 



ssv. 


8W. 


WSW. , W. 1 


sse. 






s. 


SBW. 




88 W. 


SW. 


WSW. 1 w. 


s. 


8. 




wsw. 


WSW. 


WSW. 1 WSW. 



S8W. SW. 



8SW. 

sae. 

' s. 
ssw. 

I se. 

;s. 



I 



s. 



WSW. 



s. 



s. 

8. 



SSW. 



sse. 
se. 

e. 



8. 



ssw. ssw. I SW. 

SW. I SW. 1 



SSW. ' SW. WSW. 



ssw. 



SW. 



WSW. ' WSW. I WSW. 



SW. 



S. 



SW. 



SW. 



cw. 

cw. 
cw. 

cw. 

cw. 

cw. 

CW. 



CW. 



CW. 

CW. 
CW. 



CW. 



CW. 
CW. 



CW. 

CW. 
CW. 



CW. 



3 



WSW. 



\Thunderatonn; light 
/ rain. 



\ 



Solar halo; light rain. 
Solar halo. 



Solazpialo. 

Light rain. 
j-Thunderstorm. 



[Thunderstonn; light 
rain. 



I 



Light rain. 
Light rain. 



* CW. and OCW. represent olookwise and oounter-clookwise, reipeetlvely. 
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Tablk XIII,— Low NE, or E.; high NW., TT., or SW.y of Mount Weather. 





1 
Wind 


Wind direction at— 




. m.._ 




Clouds. 


1 

1 




Date. 


veloc- 
ity at 
snr- 
Ikoe. 


Sur- 

ftuw 

526 

m. 

w. 
wnw. 

w.» 

e8e.> 

nw. 
9e.i 

wnw. 

w.i 

wsw. 

wsw. 

S.1 

w. 

Cahn. 
e.« 

w. 

nw. 

nw. 

nw. 
nw. 

w. 
nw. 

wnw, 

wnw. 
■w. 
wnw. 
wnw. 

SBW. 
8W.» 

nw. 

wnw. 

nw. 

wnw. 


1 

1,000 2J00O 
m. m. 


3,000 
m. 


■ JLUCU- 

ing 
inm CW.or 
*^ .CCW.» 


Amt. 

Few. 

3 

/ 1 

\ Few. 

i 

6 

4 
7 Few. 
\ Few. 

7 

/ 4 

I 3 

Few. 

4 
/ 1 
1 1 

; 5 
I fi 

10 
/ 3 

\ 3 

Few. 
Few. 
Few. 

i 

\ 4 
/ 4 

t 

1 

Few. 
Few. 

5 

6 

2 

Few. 

1 
7 
6 
7 
8 

11 
il 

8 
Few. 

( i 

6 



Few. 


Kind. 


Dlr. 


Remarks. 

IThunderstorm; 
/ rain. 

Idgbt mow. 

Isolarhak). 
|Solarhak>. 
|Lightbaie. 




1911. 
JulyO.... 
Julyll... 

July 12... 

July 14. . . 

July 18... 
July 20... 

July 25... 

July 20... 

July 29... 

Aug. 11... 
Aug. 20. . . 

Aug. 23... 
Aug. 24... 


4 

8 

3 

2 

6 
3 

11 

2 

4 

6 
2 

7 



1 
8 

9 

8 
6 
6 

7 
10 

10 

6 
9 

14 
8 
7 

6 
15 

14 
10 

4 

26 
22 



8 

16 

f 9 
14 

8 

10 


nw. nnw. 






CW. 


A.-Cu. 
A.-Cu. 

a.-8t. 

Cu. 

A.-Cu. 

Cu. 

a.-st. 

A.-Cu. 
Cl.-Cu. 
Cu. 
Cu. 

a.-cu. 

Cu. 

a.-st. 

Cu. 

A.-Cu. 

St.-Cu. 

Cu. 

8t.-Cn. 

St. 

Ci. 

A.-Cu. 

a. 

A.-Cu. 

A.-St. 

A.-Cu. 

A.-st. 

A.-st. 

St. 

A.-Cu. 

St. 

Cl.-Cu. 

A.-Cu. 

Cu. 

Cl.-St. 

Ci.-Cu. 

St.-Cu. 

A.-Cu. 

Cu. 

St. 

Cl.-St. 

8t.-Cu. 

St.-Cu. 

8t.-Cu. 

A.-Cu. 

Cl.-St. 

Ci.-Cu. 

A.-Cu. 

A.-st 

St.-Cu. 

a.4t 

A.-8t 

CL-St 

A.-st. 

CI. 

St.-Cu. 

St 

St.-Cu. 

a.-st. 

St.-Cu. 

a.-8t 

CI.-CU. 


e. 

wsw. 

wnw. 

nw. 

sw. 

ne. 

sw. 

wnw. 

w. 

w. 

sw. 

w. 

w. 

(T) 
wsw. 
w. 
w. 

wsw. 
wsw, 
se. 

wnw. 
wnw. 
nw. 
nw. 
nw. 
nw. , 
nw. 
nw. 
nnw, 
w. 
n. 
w. 
w. 
w, 

wnw. 
nw. 
nw. 
wnw. 
wnw. 
wnw, 
sw, 
nw. 
nw. 
wnw, 
w, 

wsw, 
w. 
w, 
w. 
wsw, 

wsw. 

8W. 

sw. 
sw. 

(?) 

wnw. 
wnw. 
wnw. 




nw. 
wnw. 

nw. 

nnw. 

s. 

wnw. 

Calm. 

sw. 

wnw. 
Calm. 

wnw. 

8. 

Calm, 
wnw. 

nw. 

nw. 

nnw. 

nw. 

wnw. 
nw. 

wnw. 

w. 

nw. 

nw. 

wnw. 

wsw. 

wsw. 
wnw. 

wnw. 
wnw. 
wnw- 


wnw. 
nnw. 

nw. 

wnw. 
wnw. 

wnw. 

wsw. 

wsw. 

wnw. 
w. 


wnw. 










CW. 








1 

CCW. 

CCW. 
CW. 

CCW. 

CCW. 
















wnw. 


w.« 












nw. 




CW. 
CW. 

CW. 




s. 

sw. 

nw. 

nw. 

nw. 
nw. 
nw. 

w. 

nw. 

w. 








Ught 


Aug. 26. . . 






CW. 
CW. 

1 




Sept. 3.... 
Sept 13... 


wnw. 
nw. 

nw. 

nw. 


wnw. 

nw. 

nw. 




Sept. 16... 








Sept. 25... 
Sept. 26... 
Oct. 11. . . 


w. 

nw. 


w.« 
nw.» 


CCW. 

CCW. 
CCW. 
CW. 




Oct. 23. . . 








Nov.l.... 
Nov. 21... 
Nov. 25... 


nw. 
nw. 
wnw. 
w. 

w. 

• 

w. • 

wnw. 
wnw. 

w. 

wnw. 


w. 

nw. 
wnw. 

w. 
wsw. 


wsw. 




Nov. 26... 
Deo. 1 

Deo. 13... 

1912. 


wsw.* 


CW. 
CW. 

CCW. 




Jaa.l 

Jan. 4 


w. 


wsw. 


CCW. 
CCW. 




J*ii, ^.... 


wnw. 1 wnw. 
wnw. wnw. 








Jan. 16.... 










Feb. 1.... 


wnw. 

wnw. 

nw. i 


wnw. 

w. 
wnw. 


wnw. 

w. 

nw. 

w. 

w. 


wnw. 
w. 






?:.... Wlarhalo- 




Feb. 3.... 
Feb. 4-... 


i 


CCW. 


wnw. 
w. 1 
w. 


jsolarlialo. 
light soow. 






w. w. 
wnw. 1 w. 
wnw. 1 wnw. 
wnw. r wnw. 




1 


St.-Cu. 


w. 




Feb. 8.... 


w. 


j CCW. 




wnw. wnw.l 




1 








wnw. 
wnw. 


wnw. 










Feb. 9 


3 8. 1 wsw. ' 




CW. I 
er-olocki 


A -.Cn. 


w. 




•CW. and CCW. represent dockwi 


seand 


count 


¥ise. resDoctively. 





1 Variable. * w. at 5,000 m. * nw. at 5,000 m. 



* wsw. at 5,000 m. 
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Table XIIL— Lewi; NE. or E.; high NW., W., or 8W., of MwitU Wsather, 




*CW. and COW. reproent olodkwiae and oounter-olockwlM, reqMOtiyely. 

i wnw. at 6,000 in. 
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Table XIV. — Lorn moving up Atlantic coast; high N, of Mount Weather, 





Wind 
veloc^ 
Ityat 
sur- 
face. 


Wind direction at— 


Turn- 
ing 
CW.or 
CCW.« 


Clouds. 




Date. 


Sur- 
face 
526 
m. 


1,000 
m. 


2,000 
m. 


3,000 
m. 


4,000 
m. 


Amt. 


Kind. 


Dir. 


Bemarks. 


1911. 
Julyl.... 


4 
7 
6 
2 

8 

3 
3 
3 

e 

3 

4 
9 
8 
3 
8 

9 

8 

2 

7 

8 

12 


nw. 
wnw. 
wnw. 
8e.»... 

ne.x 

nnw.i 

e. 

e. 

nw. 

ee. 

se. 

nnw. 

nnw. 

nw.i 

nw. 

nw. 
nw. 

n.» 

nw. 

nnw. 

wnw. 


nnw. 
nnw. 
nne. 
8se. 

ene. 

n. 

Calm. 

e. 

nnw. 

Calm. 

se. 

nne. 

nnw. 

ne. 

nnw. 








1 

1 

CW. / «- ^ 


CI. 

Cu. 

CI.-St. 

A.-CU. 

CI. 

8t.-Cu. 

Ci.-Cu. 

A.-Cu. 

St. 

Fog. 

Ci.-8t. 

St. 

St.*Cu. 

a.-st. 
a.-cu. 

8t.-Cu. 

Cl.-St. 

Cl.-St 

Fog. 

a. 

St.-Cu. 

St.-Cu. 

St. 

Cl.-St. 

A.-st. 

A.-Cu. 

A.-st. 
St.-Cu. 
Ci.-St. 
Fog. 


nw. 

nn^. 

nne. 

nne. 

n. 

n. 

ne. 

ene. 

ne. 

ne. 

w. 

e. 

e. 

wnw. 

sw. 

nnw. 

nw. 

(?) 
nnw. 
nnw. 
wnw. 
nw. 
n. 
nw. 
nw. 
w. 
wnw. 

w. 
w. 
w. 
nnw. 




July 2.... 
Julys.... 
July 4.... 


nne. 
nne. 
ene. 


nne.. 
nne. 


nne. 


CW. 
CW. 

ccw. 

CW. 

ccw. 


i 4 

\ 4 
/ 4 
\ 2 
/ 2 
\ 3 

\ Lt. 
2 


jsolarlialo. 
Isolarhalo. 


July?.... 




* 


iLightraln. 


July 13. . . 


... • . • 
wnw. 








Aug. 5 — 
Aug. 6 — 

Aug. 9.... 

Aug. 10... 
Aug. 22... 
Aug. 29. . . 


Calm, 
ese. 

nnw. 

nnw. 

ne. 

nne. 








10 
10 


Idgbtrain. 






CW. 








CW. 
CW. 

ccw. 

CW. 


2 

Few. 

1 

4 

Few. 

Dense. 

Dense. 

Few. 

4 

/ ® 
\ Few. 

2 

5 

< ! 

Dense. 



Light haxe. 


n. 










Light rain. 


Aug. 81. . . 
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Oct. 12. . . 

Oct. 19... 

tl2. 
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ccw. 
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MiiylO... 










nnw. 


nnw. 


nnw. 











*CW. and CCW. represent clockwise and oounter-dookwise, respectively. 

1 Variable. 
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Tablb XV. — DitlnbiUMmo/'mtaKvimddireeliontiAoutttnlrrMo/highprettuTe. 
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10 
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1? 
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33 


39 
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X 
11 
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16 
33 

10 
34 

23 
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31 

30 


3« 

36 
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63 
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'i 
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- 3 
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Table XXIV. — General relation between mirfajce air presmre and wind direction at the 

1 -kilometer level. 



Wind direotloi: 
lit l.UUUm. 


H,. 


H,. 


H.. 


3 


Li. 


L,. 

p 


L,. 


u. 


H-»L 


L->H 


6 


c^-^c^ 


Total 
Obs. 


N 


1 


1 
2 
1 




1 




1 


4 

4 
1 
1 


5 
6 
2 

1 
5 

s 

24 

19 

20 

6 

6 

8 

8 

10 


n 


NNB 






6 


NE 


















2 


ENB 


















1 


E 






5 
3 
5 

"is" 

2 
2 














5 


ESE , 




2 

1 
1 
2 
2 




2 




1 


1 
1 


4 

6 

13 


5 

2 

2 

6 

6 

7 

14 

38 

11 

52 

30 


13 


9E 






13 


SSE 




2 
11 






13 


2 


19 


8 








30 


88W 

9W 


2 
3 
2 
3 


2 






1 


15 

11 

6 

1 
2 

•g- 


25 
27 


W8W 








....„ 

1 
1 


6 
14 

"26* 
7 


20 


W 


2 
5 

4 


■"'3* 

1 


2 
4 




6 

7 


44 


WNW 


19 


NW 


17 
8 


60 


NNW 


9 




6 


40 











Table XXV. — Weet components of winds at each level. 

SPRING. 













ARitude 


,. meters. 










Wind direction 
at 1.000 m. 


526 
(sur- 
face). 


750 


1,000 


1,250 



1,500 


' 2,000 


t 

2,500 


3,000 


3,500 


4,000 


4,500 


1 
6,000 


N 


6.2 


0.8 




















NNE 
















NE 










■ 














ENE 










" 














E 


-6.8 

-3.8 

-4.3 

-4.9 

-4.2 

-2.5 

0.5 

2.9 

8.3 

8.8 

10.0 

7.4 

2.9 


-10.8 

- 6.3 

- 6.0 

- 4.0 

- 1.8 
0.7 
5.6 
9.2 

11.5 

11.5 

10.3 

7.3 

4.9 


-16.3 
-9.5 

- 5.4 

- 4.5 


5.1 
11.2 
15.6 
14.2 
14.0 
11.6 
6.0 

7.0 


-11.5 

-6.7 

- 5.6 

0.1 

3.0 

7.6 

13.7 

14.8 

14.7 

14.0 

12.0 

6.9 

8.6 


- 4.3 1- 3.6 

- 8.4 1- 5.1 














ESE 













1 


SE 


- 2.3 
3.2 








••■••«• 




SSE 


7.6 


9.7 
8.9 
14.9 
20.8 
16.0 
15.4 
15.8 
16.2 
9.6 

13.9 


10.8 
10.9 
18.4 
243 
16.9 
18.2 
18.9 
16.9 
9.5 

16.2 








S 


3.7 6.4 
lt).l 1 12.4 
15.9 19.3 

15.4 16.5 
12.8 15.9 

14.5 15.5 
12.0 12.6 

8.0 ' 8.5 


15.3 
21.2 
26.4 
16.0 
18.9 
19.5 
15.2 
11.1 

17.8 


"22.2 
24.0 
25.6 
20.0 
21.4 
22.4 
16.3 
11.6 

20.4 


1 * * 

• • 


SSW 


25.2 


24.7 


8W 




WSW 


26. li 
22.7 
22.7 
9.5 
11.2 

19.7 


27.6 


W 


1 24.6 


WNW 


29.0 


NW 


7.5 


NNW 


10.7 


Means 


9.8 


12.1 


19.8 












SUMMER. 



- 5.8 






N 


4.1 
3.6 


2.0 




- 5.0 


-0.8 
-3.2 


1 

- 1.6 - 1.4 

— 2.8 ;- 3.0 


0.2 
- 3.0 


- 5.6 


- 6.1 






NNE 






NE 








; 




ENE 


-2.7 

-5.6 

-5.5 

-4.6 

-5.1 

-2.3 

-1.0 

-1.2 

6.3 

6.3 

7.0 

6.4 

4.3 

2.8 


- 7.9 

- 6.6 

- 7.3 

- 6.2 

- 4.9 


2.0 
4.8 
10.5 
9.8 
9.4 
7.4 
4.3 

3.8 


-9.4 
-7.7 

- 8.1 

- 7.0 
-3.8 


4.9 
8.0 
9.9 
13.4 
11.3 
8.2 
4.2 

4.7 


- 9.6 

- 8.8 

- 8.5 

- 4.8 

- 2.5 
1.6 
5.2 

10.9 
11.0 
14.9 
11.2 
8.9 
4.4 

5.7 








.. .. 1 


1 




E 


-i6.9 

- 8.4 

- 0.9 
0.5 










1 




ESE 


-10.0 


-12.9 


140 




1 




SE 




i 




SSE 


i"s 


2.3 

6.9 

9.2 

18.0 

12.1 

19.0 

13.2 

11.2 

46 

10.2 


4 5 
9.6 
11.2 
18.6 
18.9 
21.2 
14 6 
13.5 , 
48 < 

12.4 I 

1 




t 




S 


2.3 1 5.6 


18.5 
9.7 
19.9 
20.3 
23.7 
18.0 
15.7 
8.0 

16.7 


20.8 
9.4 
18.6 
21.4 
245 
22.2 
19.4 
8.6 

18.4 






SSW 


5.6 
13.8 
11.6 
16.1 
11.0 
8.5 
4.0 

6.5 


7.0 
17.1 
10.1 
18.3 
12.2 
10.0 

41 

8.4 


. .. . . . 




SW 






WSW 






W 


28.3 

20.6 

20.9 

- 9.4 

22.3 




WNW 


'26.4 


NW 


25.7 


NNW 




Means 


26.0 
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Table XXV. — West comp<mefUs o/wiruii at each level — Concluded. 

AUTUMN. 



Altitude, meters. 



Wind direetion 
at 1,000 m. 


526 
(sur- 
face). 


750 


1,000 



- 4.0 

- 4.0 


1,260 


1,500 

1.5 

- 3.9 

- 6.0 


2,000 


- 3.6 
-3.4 


2,500 


- 3.9 
-3.7 


3,000 


3,500 


4,000 


4,500 


5,000 


N 


6.8 
2.1 
1.6 


5.1 




1.4 

- 3.9 

- 4.5 










NNE 


-5.2 







1 




NE 






ENE 






E 








1 
















E8E 


-5.2 

-6.4 

-5.2 

-4.9 

-3.4 

-0.1 

2.9 

8.4 

10.3 

8.7 

5.9 

3.7 


- 7.2 

- 6.8 

- 4.6 

- 2.3 
0.8 
3.5 
9.0 

13.5 

12.3 

9.8 

4.7 

5.6 


- 6.6 

- 7.0 

- 5.1 


5.9 
10.2 
13.8 
18.8 
14.0 
11.2 
4.4 

7.3 


- 6.1 

- 4.1 

- 0.3 
5.0 
7.2 

12.7 
17.1 
20.8 
13.6 , 
11.0 
5.8 

8.8 { 

1 


















8E 




- 1.6 
2.4 
7.2 

8.7 
13.8 
19.8 
21.3 
13.4 
11.4 

7.7 

10.3 














88E 

S 


9.3 

9.8 

9.7 

15.2 

25.0 

20.5 

13.0 

12.6 

6.4 

12.0 


13.3 
13.5 
13.4 
14.5 
22.6 
21.2 
16.2 
13.4 
5.8 

13.0 


15.6 
11.1 
16.4 
17.8 
20.0 
2K.3 
17.9 
12.6 
10.7 

14.9 


17.9 
17.4 
20.5 
17.8 
20.6 


2L2 
10.9 
19.1 
19.6 


19.9 


16.6 


SSW 


"16*2* 
21.1 


16.8 


sw 




WSW 




W 






_ . _ . 


WNW 


17.1 
16.4 
12.4 

16.3 


21.0 
18.4 
12.3 

10.1 


21.4 
19.7 
18.8 

19.9 


104 


NW 




NNW 


20.1 


Means 


18.2 



WINTEB. 



N 


7.4 
6.7 
6.7 


5.8 






- 6.3 

- 6.2 


ia2 

-4.6 
- 6.6 


2a6 
- 4.1 

- a8 




1 




' 


! 






NNE 




- a8 


6.5; 
6.1 


14.1 

lao 


i&6 

15.6 


1 
.......' - 




NE 


220 






ENE 






E 


-5.2 
-4.5 

-&8 

-as 

-&6 
-1.7 
-1.6 

a7 

7.3 

11.3 

9.5 

7.9 

4.6 


- 8.4 

- 8.8 

- ao 

- 5.2 

- 3.0 

as 

4.6 

S.5 

12.5 

14.5 

ia6 

6.6 
7.5 


-ia2 

-11.0 

- &6 

- M 



&4 

&7 

14.0 

1&9 

17.0 

12.0 

&3 

9.9 


- 7.4 
-9.8 

- 5.2 

- 4.4 

4.2 

7.8 

ia6 

14.8 
19.4 
16.9 
12L3 
&2 

11.4 


- 6.2 

- a4 

- 6.0 

- 4.2 
7.7 
9.8 

12.7 
17.3 
21.7 
16.9 
11.2 
5.2 

12.4 




1 1 








BSE 












8E 


- ao 

- a7 
ia7 

110 

17.8 

2a2 

25l2 

las 
ia2 

12.5 
15.4 


11.2 













S8E 












s 


12L8 

ia6 

22.4 

23.7 i 

27.0 

18.3 

16.0 

l&O 

17.8 


1&9 
16.9 
27.9 
26.6 
26.1 
16.8 
21.7 
1&8 

19.9 


ia2 

14.8 
27.4 


• • 1 - - 

1 




SSW 


i4.8 


1&2 


14.4 


SW 




WSW 








W 


26.2 
17.8 

2ao 


21.8 
21.0 

2ao 


2&0 
2a2 
19.5 


31.8 


WNW 


3L2 


NW 




NNW . ... 




Means 


17.7 


10.8 


2a4 


2&8 



YEAB. 



N 


... 5.5 
... a9 
... 4.2 
... -2.7 
... -5.5 
... -5.1 

.. -5.1 
... -5.0 
... -4.4 
... -2.2 
. . . -0. 6 
... 2.5 
. . . 7. 6 

.. 9.5 

.. a5 

.. 5.9 

... as 


2.7 



- 7.9 

- ai 

- 7.4 
-5.9 
-4.5 
-1.9 

1.7 
4.6 
9.0 
11.7 
12.1 
9.4 
5.4 

5.4 




- 4.9 

- 5.1 
-9.4 

-ia4 

- ao 

- 6.5 
-4.5 


5.3 
9.5 

14.2 
15.3 
14.3 

ia5 

&0 
7.2 


1.9 

- ao 

- 5.6 
-9.6 

- a8 

- ai 
-4.6 
-1.0 

a4 

7.4 

12.0 

15.2 
16.8 
14.1 

las 

5l9 

a6 


ai 
- a2 
-4.4 


- a8 

- 15 

- a6 


ai 

-1.3 

1.2 



- a7 

7.0 


- ao 

7.8 
7.8 


- ai 






NNE . . 






NE 


216 






ENE 






E . . . 


- 7.3 

- a4 

- 2.5 
1.9 
ao 
9.4 

14.0 

ia9 

17.3 
14.2 

lae 
a2 

9.8 


- as 

-as 

- ae 
6.3 
ao 

11.4 

17.4 
19.1 
19.9 

ia2 

110 

ao- 
112 








, 




ESE 


- a4 

11.2 

9.7 

10.4 

ia6 

19.1 

lai 
20.5 
lao 
ia9 
7.6 

ia8 


14.0 




' 




SE 




|....... 

L 




SSE 

8 


11.3 
117 

ia7 

211 
19.7 
21.5 
17.2 

lao 

9.0 
1&8 


17.9 

ia7 
lao 

21.0 

lao 
2a3 
ia2 
1&2 
11.1 

17.2 


21.2 , 

21.1 ; 

19.3 1 
21.0 
2a6 
21.8 
21.9 

ia9 ; 

11.1 i 

1 

19.6 


19.9 


1&6 


SSW 

SW 

WSW 

W 

WNW 

NW 

NNW 

Means.... 


19.9 
21.1 
26.2 
24.5 
23.9 
17.4 
9.0 

2a4 


19.5 

"'27.'6 
2a4 
2&3 
19.6 
116 

21.1 
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Table XXVI. — Norik components oftvinda at each level. 

. SPRING. 



Wind direction 
at 1,000 m. 


526 
(sur- 
face). 


750 


1,000 


1,250 


.A 
1,500 


dtitude 
2,000 


, meten 
2,500 


i. 
3,000 


3^ 


4,000 


4,500 


5,000 


N 


7.2 


916 


9.0 


6.4 


3.9 













NNE 






t 








NE 
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Table XXVI. — North eomponenU o/windM at each level. — Condaded. 
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Fio. 29. Variation in absolute humidity with altitude up to 3 kilometers, for different types of surCace air pressure and 

Ibr the seasons. 




■eton 
8000 

2600 

2000 
1500 

1000 
600 


ALL CONDITIONS or SURFACE AIR PRCSSURC. 




ki 


1 
























\ 


\ 




V 






















\ 


\ 


J 




\ 


t 




















1 


\ 


^ 


V 


\ 


\ 


w 
















1 




\ 


\ 


\ 




\ 


\ 


^ 








W 


NT 


1 


s 


PRI 


n\ 


\ 


<: 


TU 


4N 


\ 


N 


UMI 

N 


ICR 

L 


goum 


1 2 6 4 6 ( 


1 i 


r'i 9 1 


) 11 12 I 


1 



Fio. 30. Variation in absolute humidity with 
altitude up to 3 kilometers, for different 
types of surface air pressure and for the year. 



Fio. 31. Variation in absolute humidity with alti- 
tude up to 3 kilometers, for the seasons. 
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midity with altitude up to S 
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Fig. 83. The diurnal variation of temperature on clear compar- 
atively quiet days at the mountain and valley stations. 
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10. THE DESIGN AND THEORY OF A MECHANISM FOR 
ILLUSTRATING CERTAIN SYSTEMS OF LINES OF FORCE 
AND STREAM LINES.' 

William H. Roever, Professor of Astronomy, 
[Dated Wajhlogtoii University, St. Louis, Mo., November, 1912.] 

1. Description of mechanism, — The mechanism, which is shown in 
photographs 1 and 2, consists essentially of two wheels, about eight 
inches in diameter, which are capable of rotating around parallel axes 
in planes, which are not more than one-half inch apart. These wheels 
are provided either with spokes, as shown in photograph figure 1, or 
with slotted webs, as shown in photograph figure 2. The rest of the 

Cf mechanism consists of a hand motor and a series of belt-driven cone 

Q pulleys, by means of which the wheels just described may be given 
V various angular velocity ratios. 

^ When the motor is put into operation, the observer will see a system 
of curves, the nature of which depends on the velocity ratio and the 

-g forms of the spokes or slots of the wheels. 

^ These curves are the loci of the points of intersection of the spokes 

^ or slots of one wheel with those of the other. It is the object of this 
paper to show that w^hen the spokes or slots are radiating straight 

<! lines (as shown in photograph fig. 1) or co-polar congruent logarith- 
mic spirals of any form (as, for instance, those shown in photograph, 

^ fig. 2), the observed system of curves represents the lines of force 

o" or the stream lines, which correspond to a problem in each of several 
branches of mathematical physics. The accompanying photographs 

O figures 3 to 10 show a few of the systems which the machine can 

,^ produce. 

1 Presented to the American Mathematical Society, April and November, 1912. Su Bull. Amer. Math, 
Soc. 18, no. 9, p. 435, and 19, no. 5, p. 220. Published simultaneously in Zeltschrift fiir Matbematik und 
Physlk, (gegr. von Schldmllch), Leipzig, 1914. 62. 
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2. Two special fields of force. In order to have a starting point 
let us consider the following two fields of force. 

Field L The electrostatic force at a point P (fig. 11), at distance 
r from an infinite straight line which carries a uniform charge X per 

2X 

unit length, is represented in magnitude by the expression (C. G. S. 

T 

imits). The vector representing this force has its origin at P and lies 
along the perpendicular from P to the electrified line. Since the par- 
ticle at P is supposed to be positive, the vector is directed away from 
or toward the line according as >l is positive or negative. 

Field IL The electromagnetic force at a point P (fig. 12), at the 
distance r from an infinite straight wire which carries a constant cur- 
rent of electricity j, is represented in intensity by the expression -2 

(C. G. S. units). The vector representing this force has its origin at P 

and lies along that straight 
line which passes through P 
and is perpendicular both to 
the wire and the perpendic- 
ular from P to the wire. 
The direction of this vector 
is such that the arrowhead 
is toward the left hand of a 
person facing P and swim- 
ming in the current which 
flows from his feet to his 
head. 

3. Fields I and II in terms 
of a complex variable, — ^The 
fields I and II, just described, can be very simply represented in terms 
of the complex variable. 

Field I in terms of the complex variable, — Let the plane it which 
passes through P and is perpendicular to the electrified line, be that 
of the complex variable, the zero of which is at the point in which 
the electrified Une pierces n. The point P is then a general point 
z==x-\-iy of this plane. If we now think of the point 2 = as the 
abode of a particle of mass m==2^, the law of the intensity of the 
force being that of the inverse distance, then the vector represented 
in Fig. 11 and described in section 2, is completely represented by 
the complex quantity 

(1) m-K(J) 

in whi h the symbol K\-) stands for the cor jugi te of -(see Fig. 13). 




Fig. U.— Field I. 
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Fidd II in terms of the complex variable, — Now let the plane tt, 
which passes through P (fig. 12) and is perpendicular to the wire 
carrying the electric current, be regarded as that of the complex 
variable, the zero of which is at the point in which the wire pierces n. 
If now we put n = 2j, it is easy to see that the vector represented in 
figure 12 and described in section 2 is completely represented by the 
complex quantity 

(2) ^i^(i) 



4. Irmiginary and Complex Masses, 
of representation that we 
may regard the force of field 
I as due to a real mass m, 
and that of field II as due 
to a pure imaginary mass ni. 

Field III, — Disregardin g 
for the moment the possi- 
bility of physical interpreta- 
tion, let us now imagine that 
the point 2 = is the abode 
of a complex mass 



-It appears from this method 
J 



lti = m + ni 




Fio. 12.— Field II. 



where m and n are real num- 
bers, and that the force at a general point z (fig. 13) is the resultant 
of the two forces just formulated in section 3, namely 



(3) 



'Ki> 



Field IV, — Furthermore, let us assume that the force at a general 
point z of the complex plane which is due to the two complex masses 

situated respectively at the points z^ and z^, is represented by the com- 
plex expression 

5. Equations oj lines of force of Fidd III. — Let us now obtain the 
lines of force of the field III due to the complex mass /( = m-i-ni at 
the origin. In order to do this let us put 

z = r (cos q>-\-i sin (p) 
where 



r^^Jx^-\-y\ 



y 

sm (p==p 



cos (p = 
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and since 



where 
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K ^-j = - (cos ^ + i sin <p), 
H^m-k- nif 



X^ (mcos^ — nsin ^), y= (msin^ + ncos^). 




Fio. 13.— Field III. 



Now 



X = ^ and X = c— , 
ox oy 



where 

C7 = m log r-f-n^. 

Hence the function U may be regarded as the potential function of 
field ni. 

But V is the real part of the analytic function 

(m — ni) log 2= Z7+ Vi. 

Therefore the pure imaginary part, 

F= —nlogr + Tn^, 

may be regarded as the stream function. 
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Hence the equation 
(3o) F= constant 

is that of the lines of force of field III. 
The curves (3o) are the copolar logarithmic spirals which cut the 

straight lines through the origin at the constant angle a = arc cot— . 

When /£=m is real, equation (3o) takes the form 
(3i) (p = constant, 

and when // = m is a pure imaginary, then equation (3©) becomes 
(Sj) log r = constant. 

These are the lines of force of fields I and II respectively. 



../y,/<(^) 




FiQ. 14.— Field IV. 



6. Equations of lines of force of Field IV, — Let us now obtain the 
lines of force of field IV due to the complex masses jn^^m^ + nji and 
jMj^mj + nji which are situated at the points z^ and 2, respectively. 
For the problem in hand no generality will be lost in assuming (see 
Fig. 14) 01 = 1 and 2^= - 1. Then let us put 

0—01=2 — 1 =p (cos ^ + isin <p)j 

2—02=2-1-1 =g (cos ^ + isin ^), 
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where 

8in^ = ^, cos ^« J sm^ = ^, cos^=-^ — 

Then ^\7~^ )^~^ (^os ^ + i sin ^) , 



Since 

and 

therefore, 

and 
where 



and 



Now 



and 



where 



K{ )= (cos (b-\-i sin di). 



-X'l = (mj cos ^ — 71^ sin ^) , 

X, = -(?n, cos ^ — rij sin 0) , 
Y^ = -(mi sin (p + n^ cos ^), 

y, = (m^ sin + Tij cos 0). 



V=m^ log Tp^-m^ log g + n^^ + 7ij0. 

This is the potential function of the field IV, and is the real part of 
the analytic function 

(mj - Tij i) log {z - 2i) + (Wj - n, i) log (2 - z^ = F-l- P'"!. 

Therefore, the pure imaginary part 

¥=—71^ log p — Th log 2 + m^(p + m20 

is the stream function. 
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Therefore the equation 
(4o) — Thi log p — n, log J + mi^ + mj^ = constant, 

is that of the lines of force of field IV. 

When ^i=mi and fi2 = ni2 are real, then equation (4o) becomes 

(4i) m^^ + m^i/f = constant, 

and when fi^ = n^i and 1x2^ '^^ ^re pure imaginaries then equation (4o) 
assumes the form 

(43) rij log p + 7I2 l<^g 3 = constant. 

7. TAe theory of the mechanism, — We are now in a position to 
prove that the systems of curves which are produced by the mechan- 
ism described in section 1 are represented by equations (4o) of sec-' 
tion 6. 

The lines of force due to the mass pLi = mi-\-n{i=mi(l+i tan ct) 
situated at the point P^ (zi) are the logarithmic spirals 

(5) — tan a * log p + ^ = A, 

and those due to the mass j«2=m2 + n2i=m2(l + i tan p) situated at 
P„(3j) are 

(6) — tan /? • log 2 + ^ = V. 
Let us now put 

(7) X = ai-\-h and v = ct+dy 

where a, 6, c, d are real constants and t is a parameter which we will 
take to represent the time. 

By this assumption the spirals (5) and (6) (which are represented 
by the curves P^P and PjP respectively in figure 14) are made to rotate 
around their poles with constant angular velocities. 

In order to eliminate t between equations (5) and (6), in wliich 
X and V have the values given by equations (7), it is only necessary 
to multiply (5) by c, (6) by — a and add. The eUminant thus ob- 
tained is 

(8) — c tan a • log p-\-a tan p ' log q-\-c(p — a(p = bc — ad. 
A comparison of this equation with the equation 

— m^ tan a • log p — m^ tan /? • log g + mj^ + 77120 = constant, 

which is identical with equation (4o), enables us to state the following: 
Theorem I. — The lines of force due to the two complex masses 
/£i = mi(l-f itann') and /eg^mjCH-itan^), which are situated at the 
points Pi and Pj respectively j are the loci of the points of intersection 
of the logarithmic spirals which are the lines of force due to fi^ alone 
with those which are the lines of force due to /tj alone, provided that 
these two rigid systems of spirals rotate around their respective poles with 



202 BULLETIN OF THE MOUNT WEATHER OBSERVATORY. 

angular velocities , the ratio of which is the negative reciprocal of the ratio 
of the real parts offi^ and fi^i ^^^ ^j provided - = *. 

If, for instance, fii = 2 -\-i and //, = — 1 + i as shown in figure 14, then 

the spirals of pole P2 must rotate twice as fast as those of P„ and the 

rotations must be in the same sense. 

We have before us also the proof of the following: 

Theorem 11. — If two systems oj co-polar logarithmic spirals of angles 

ex and ^ rotate around their respective poles P^ and P^ with angular 

velocities which are proportional to a and c, then the loci oj the points 

of intersection of the curves of one system with those of the other are 

the lines of force due to the two complex masses /ii = mi(l +itann'), 

yi2 = 7/12(1+ itan/?), which are situated at P^ and Pj respectively, the 

roXio of the real parts of which is the negative reciprocal of the ratio of 

m c 

the angular velocities, i.e. * = — . 
^ ' m2 a 

Theorem I fails when both of the masses /i^, /ij are pure ima^naries, 
and also when only one of these is a pure imaginary. For, the lines 
of force corresponding to a pure imaginary mass are concentric circles 
[see eq. (82)], and such circles on rotation around the common center 
would merely move along themselves. In these cases the mechanism 
also fails. 

In all other cases, the theorem (and also the mechanism) does 
not fail. A special case of interest is that in which both masses are 
real. In this case the systems of spirals become systems of radiating 
right hnes of radiants P^ and P2, and the corresponding loci are rep- 
resented by the equations (4^) (1). 

8. Applications. — In section 4 we introduced the notion of complex 
masses without regard to the possibiUty of physical interpretation. 
Since then we have seen that the functions V and V of sections 5, 6 are 
the real and pure imaginary parts of analytic functions and hence 

satisfy Laplace's equation -<-^ + <- 2 = ^• 

For this reason the systems of curves (4o), which the mechanism 
described in section 1 is capable of representing (2), may be given the 
following physical interpretations (8). 

1. Stream lines in the steady flow of heat. 

2. Stream hnes in the steady flow of electricity. 

3. Stream lines in the motion of an incompressible fluid. 

4. Lines of force in gravitational or electrostatic fields. 

5. Sections of equipotential cylinders in electromagnetic fields. 
For example 

in figure 3 for which /i^ = m^= 1 and /ij = rw^ = — 1 , 

in figure 4 for which fi^ =1 and p^ *= 1 > 

in figure 5, 6 (4) for which fx^ = — 1 and fi^ =2, 

in fi^re 7 for which fi^ =1 and ji^ ==2, 
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the curves shown may be regarded as the stream lines of heat, electric- 
ity, or an incompressible fluid from a source at one hub to a source 
(a sink is a negative source) at the other, the intensities of these 
sources being as m^ is to m^. These curves may also be regarded as 
the lines of force due to a pair of infinite electrified lines of constant 
charges per unit length, the Unes being perpendicular to the planes of 
the photographs at the hubs, and the charges being as m^ is to m,. 
Finally, these curves may also be regarded as the right sections of the 
equipotential cylinders corresponding to a pair of infinitely long wires 
which carry constant currents proportional to m^ and mj, the wires 
being perpendicular to the plane of the photograph at the pictures of 
the hubs. 

The photographs, Figs. 8, 9, 10, for which //j = — //i, jM2 = /^i, 2/i2 = — fi^, 
respectively, where jUj = 2 -f i, also represent problems in these various 
branches of mathematical physics in which, however, the boundary 
conditions are more complex than in the cases illustrated by figures 
3 to 7. 

It should be noted that the slots in the wheels shown in figure 2 
are not rough representations, but that the two boundaries of each 
slot are accurately constructed co-polar logarithmic spirals. Therefore 
the broad white bands in photographs figures 8, 9, and 10 are not 
mere rough approximations to the curves represented by equation 
(4o), but the two boundaries of each band are very accurate repre- 
sentations of these curves. Hence the advantage of slots over 
spokes. 

The following applications are also of interest: 

If /'i = — /i2==m(14-itanar), equation (4o) may be written 

2 
where C is a constant. These curves are called bicircular spirals (6). 
They are shown in photograph figure 8 for cot nr = 2, and are the 
gtereographic projections of the spherical loxodromes when neither 
pole is projected to infinity. 

It is also interesting to note that just as the radiating straight 
lines ^ = constant, the concentric circles log r = constant, and the 

logarithmic spirals r = Cc^^**' [equation (3o) where cot nr= and 

(7 is a constant] are the Unes of flow of the continuous hyperbolic, 
elUptic and loxodromic linear transformations of the complex plane 
for which the invariant points are and oo, so the system of circles 

^ — ^ = constant f the orthogonal system oj circles log - = constant , and the 

bicircular spirals - = C^^^-^^ ^^ ** are the lines oj flow of the continv/ms 

hyperbolic, elliptic and loxodromic linear transjorm^ations jor which the 
invariant points are 2^ and z^ (6). 
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11. THE RELATION BETWEEN SOLAR RADIATION INTEN- 
SITIES AND THE TEMPERATURE OF THE AIR IN THE 
NORTHERN HEMISPHERE IN 1912-13.' 

By Herbert H. Kimball. 
[Dated Mount Weather, Va., Feb. 6, 1914.] 

The volcanic dust doud oj 191i, — ^Attention has already been invited 
in this Bulletin (1) to the diminution in atmospheric transparency 
which was quite generally observed during the latter part of 1912, and 
which was attributed, at least in part, to the presence at high levels 
of great quantities of dust derived from the eruption of Katmai Vol- 
cano in Alaska in June, 1912. It will doubtless be recalled that the 
first violent eruption occurred on June 6, that the dust cloud was first 
observed at Madison, Wis., on June 8, at Mount Weather, Va., on 
June 10, at Bassour, Algeria, on June 19, at Mount Wilson, Cal., on 
June 21, and at various points in Europe between June 20 and 
June 27. 

Direct solar radiation intensities. — ^In Table 1 are given monthly 
values of solar radiation intensities measured at Pare Saint Maur, 
Paris, France (2); Potsdam, Germany (3); Davos, Switzerland (4); 
Warsaw, Russia (5); Pavlovsk, Russia (6); and Simla, India (7); 
and also the ratio of these monthly values to the corresponding 
monthly normals. Midday measurements only have been considered, 
and for this reason the monthly results are not strictly comparable, 
since the depletion of solar radiation is relatively greater in the winter 
months, when the sun is low, than in summer, when it is high. As far 
as measurements are available, however, they indicate that through- 
out the northern hemisphere solar radiation intensities were below 
normal beginning with June or July, 1912, and continuing at least 
through July, 1913. 

In Table 7 are summarized the solar radiation measurements made 
at Mount Weather, Va., with a Marvin pyrheliometer during 1913. 
For the method of reducing the observations, see this bulletin, vol- 
ume 5, part 5, pages 295-311, where observations made previous to 
1913 will be found tabulated. 

In Table 2 are summarized the measurements made at Mount 
Weather since May 1, 1912, with the sun at zenith distance. 60°, 
which is the highest point reached by the sun in December at the 
latitude of Mount Weather (39'' 4'). 



iRead before the Philosophical Society of Washington, D. C, Feb. 14, 1914. 
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Table 1. — Midday solar radiation interuiHeSy 1912 and 191S, 
[Gram-calories per minute per cm' of normal surboe.] 



Month. 



1913. 

April 

May 

June 

July 

August 

September.... 

October 

November. . . . 
December 

1913. 

January 

February 

March 

April 

May 

June 

July 

August 

September.... 

October 

November.... 
December 



Pare Rt. Maur. 



g 

SB 



1.23 
1.20 
1.27 
0.9R 
0.95 
1.00 
1.00 
0.97 
0.75 



COS 

•»4 dB dB 



0.99 
0.97 
0.99 
0.77 
0.77 
0.82 
0.H5 
1.01 
0.77 



0.76 


0.70 


1.14 


1.03 


1.09 


0.89 


1.12 


a90 


1. 11 


0.90 


1.22 


0.95 


0.98 


0.79 


1.22 


0.98 


1.20 


0.98 


1.09 


0.93 


0.99 


1.03 


0.81 


0.84 



Potsdam. 



a 



g 



to. 88 
0.85 

10.80 
0.72 
0.84 
0.71 

am 



0.66 
0.67 
a66 
0.65 
0.68 
0.61 
0.68 



Davos. 



a 
g 



1.19 
1.12 
1.19 



1.12 
1.27 
1.31 
1.33 
1.35 
1.34 
1.32 
1.30 
1.39 
1.34 
1.25 
1.21 



is 

.S s 



0.85 
0.84 
0.95 



0.83 
0.89 
0.92 
0.94 
0.93 
0.96 
0.99 
0.93 
0.98 
0.96 
0.95 
0.98 



Warsaw. 



I 



a 

o 



1.33 
1.14 
1.22 
1.00 
1.00 
0.89 
0.83 
a 74 
0.67 



0.75 
1.02 
1.06 
1.19 
1.18 
1.16 
1.15 
1.27 



as I 
.Si Si 

^aa 

at: 



1.10 

0.96 
1.02 
0.84 
0.86 
0.73 
a 74 
0.76 
0.84 



0.87 
0.99 
0.96 
0.96 
0.99 
a 97 
a96 
1.09 



Pavlovsk. 



§5a 



Simla. 



Sa 
§ 

SB 






1.35 
1.39 
1.33 
1.02 
1.00 

0.70 
0.80 
0.52 
0.39 



0.76 
1.01 
1.21 
1.16 



0.99 
1.03 
1.02 
0.81 
0.80 
0.56 
0.68 
a54 
a 51 



0.81 
0.89 
0.91 
0.85 



a 



g 



1.44 
1.37 
1.22 



1.31 
1.30 
1.32 
1.38 



1.30 
1.29 
1.34 
1.32 
1.33 



1.34 
1.38 
1.37 
1.40 



«s 



1.01 
1.00 
a94 



a9s 
a90 

0.90 

a94 



0.88 
0.88 

0.91 

a92 
a 97 



0.9S 
0.95 
0.96 



Table 2. — Monthly summary of solar radiation intensities at Mount Weather^ Va., with 

the sun at zenith distance 60°. 

[Qram-calories per minute per cm> of normal sorfeoe.] 



Month. 



1912. 

May 1-June 9 

JunelO-June30... 

July 

August 

September 

October 

Nevember 

December 



January . . . 
February.. 

March 

April 

May 

June 

July 

August 

September , 
October . . . 
Nevember. 
December. 



1913. 



Mean. 


Maximum. 


Ratio to monthly 
normals. 


Mean 

ration 

1 (6+7). 


2 


3 


4 


S 


6 


7 


8 


a. m. 


p. m. 
1.01 


a. m. 


p. m. 


Mean. 
1.06 


Max. 




1.08 


1.25 


1.26 


1.15 


1.10 


0.90 




1.05 
0.93 


1.01 
0.93 


0.8C 
0.86 


0.86 
0.77 


0.86 


0.83 


6.88 


0.81 


0.77 




0.86 
1.05 


0.75 
0.97 


0.73 
0.80 


0.70 
0.81 


0.71 


0.89 


0.94 


0.81 


1.03 


0.97 


1.22 


1.24 


0.81 


0.91 


0.86 


1.14 


1.12 


1.24 


1.17 


0.90 


0.88 


0.89 


1.26 




1.33 

1.29 
1.27 




0.97 

0.90 
0.91 


1.01 

0.93 
0.94 


0.99 


1.21 




1.24 
1.24 


0.92 


1.16 


i.i3 


0.93 


1.04 


1.05 


1.16 


1.16 


0.85 


0.94 


0.80 


0.97 


0.88 


1.18 


1.11 


0.79 


0.95 


0.87 


0.90 


0.82 


1.06 


0.96 


0.87 


0.92 


0.90 


0.90 


O.M 


1.16 


1.09 


0.89 


0.93 


0.91 


0.88 


0.87 


1.06 


1.04 


0.88 


0.86 


0.87 


0.91 


1.04 


1.03 


1.10. 


. 0.93 


0.96 


0.05 


1.11 


1.06 


1.26 


1.20 


0.95 


0.99 


0.97 


1.18 


1.12 


1.30 


1.24 


0.87 


0.94 


0.91 


1.19 


1.17 


1.32 


1.33 


0.94 


0.97 


0.96 


1.31 




1.42 

1 




1.01 


1.08 


1.04 
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The monthly means of measurements made at Mount Weather in 
the successive years are not strictly comparable^ for the reason that 
since May, 1911, the attempt has been made to obtain measurements 
whenever the sun was unobscured by clouds, while previous to that 
time the measurements were made on the best days only, and when 
there was a prospect of obtaining a series extending over at least two 
hours. It has therefore seemed best to compute for each month 
under consideration the ratio between both the mean and the maxi- 
mum radiation values and the corresponding monthly averages of 
measurements obtained under normal conditions. The results are 
given in columns 6 and 7 of Table 2. As might be expected, the 
ratios based on maximum values, given in column 7, are shghtly 
higher than the ratios based on mean values, given in column 6. I 
have preferred to use the mean of these two columns, which is given 
in column 8, to represent the relative intensity of solar radiation at 
Mount Weather for the respective months, and these values have 
been plotted as circles in figure 1. The crosses in the same figure 
represent the relative intensities of solar radiation for Madison, Wis., 
obtained in a similar manner. The lack of agreement between the 
results for the two stations for the winter months is partly due to the 
small number of observations obtained at this season of the year and 
partly to the effect of smoke at Madison. 

Shylight polarization, — In figure 1 are also plotted the monthly 
mean departures of skylight polarization at Mount Weather, measured 
at solar distance 90° and in the sun's vertical, with the sun at zenith 
distance 60°. The observations will be found summarized in Table 3. 

The curves that best fit the polarization and the insolation data are 
very closely in accord. Both show a minimum in August, 1912, a 
secondary maximum in December, 1912, a secondary minimum in 
April, 1913, and agradual return to normal conditions at the end ol 1913. 

Total radiation. — Measurements of the total radiation received on 
a horizontal surface have been made at Mount Weather with a Cal- 
lendar recording pyrheliometer since May, 1912. A comparison of 
the results for 1912 and 1913, for hours when the sky was cloudless, 
is given in Table 4. The results for August are omitted, as a different 
register was used in August, 1913, from that in operation during the 
other months. 

There are not many hours at any season of the year, and especially 
during the summer, when the sky at Mount Weather is free from 
clouds. It can therefore only be claimed that the data in Table 4 
indicate that with a cloudless sky the total radiation received on a 
horizontal surface during September and October, 1912, averaged 
about 5 per cent less than during the same months in 1913, and 
during November and December, 1912, about 3 per cant less than 
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during the corresponding period in 1913. From TaUe 2 it is seen 
that a similar comparison of the intensities of direct solar radiation 
gives deficiencies for 1912 twice as great, or 10 per cent in September 
and October, and 6 per cent in November and December. 

The smallness of the ratios for the early morning and late afternoon 
hours for the first period in Table 4 may be due in part to the fact 
that less heat was received diffusely from the sky between May 20 
and June 9, 1912, than during the same period in 1913. With low 
sun the amount of heat received diffusely is a considerable part of the 
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FlQ. 1. 

Curve I.— Monthly departure ot sky light polarUaUon at Mount Weather, Va. 

Curve II.— Ratio of observed to normal insolation at Mount Weather, Va. (O), and Madison, Wis. (X). 

Curve III.— Monthly temperature departures for the Northern Hemisphere. 

whole. The ratios for hours when the sun is low are very irregular, 
however, partly because of meteorological conditions causing great 
variations in the quantity of heat received and partly because of the 
sinallness of the quantities measured. 

Insolation deficiency. — From figure 1, and from the data in Table 1, 
it appears that there was a depletion in the quantity of heat energy 
reaching the sxu^ace of the earth throughout most of the Northern 
Hemisphere during the latter part of 1912, and to a less extent during 
1913. The actual deficiency would be less in high latitudes than 
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in low latitudes, especially in winter. Indeed, from the Arctic 
Circle northward there would be no depletion of insolation in mid- 
winter from the effects of haze. 

Table 3. — Monthly »ummary ojf skylight polarization at Mount Weather ^ Fa., in the sun's 
vertical and at solar distance 90^ ^ with the sun at zenith distance 60°. 



Month. 




Percentage of polarization. 




Departure from 
normal. 




1906 


1909 


1910 


1911 


1912 


1913 

52 
67 

46 

53 

44 
50 

42 
49 

41 
50 

44 
50 

44 
54 

49 
58 

56 
63 

57 
63 

58 
66 

59 
66 


1912 

- 2 

+ 4 

-18 
-14 

-19 
-23 

-27 
-26 

-23 
-25 

-24 
-21 

-15 

- 9 

-16 

- 9 


• 1913 


January: 


58 
65 

53 
54 

57 
61 

62 
64 

58 
61 

59 
64 

62 
70 

61 
63 

65 
69 

66 

71 

62 
62 

68 
70 


.: 

62 
62 

64 
65 


69 
69 

71 
71 

67 
69 




— 12 


MaxImuTn 




—10 


February: 

Mmn 




—16 


Maximum . . , . ; 






— 9 


March: 

Mean 




1 


—18 


Maximum 






—15 


AprU: 

Mean 






—20 


Maximum 




■■• 1 — 


—14 


May: 

Mean 




48 
56 

61 
70 

55 
71 

59 
09 

60 
70 

69 
75 


54 
65 

42 
53 

39 
47 

32 
40 

40 
44 

44 

51 

47 
53 

52 
61 


—15 


Maximum 


—11 


June: 

Mmn 


—16 


Maximum 






—17 


July: 

Mean 






—14 


MA-i;fTn\ifn 






—16 


August: 

Mwn . . , 


56 

67 

64 
67 

70 
71 




—10 


MftximiiTti . 


— 8 


September: 

Mean 


— 7 


MAximum 


— 6 


October: 

Mftftn ... 


_ 4 


M^YlmiiTn ... 


— 9 


November: 

Mff^p _ _ 


— 4 


MftTtinnTn . _ - 








+ 4 


December: 

Mean 








— 9 


Maximum . . . , r . , ^ , 








— 4 




1 







Table 4. — Ratio between total radiations^ 19121 19 IS, received on a horizontal surface during 

cUmdless hours at Mount Weather ^ Va. 





1 

i 

1 7-6 

6-7 

1 


6-5 
5-6 


Hour angle from noon. 






Period. 


1 
5-4 4-3 
4-5 3-4 


1 
3-2 
2-3 


1 

2-1 
1-2 

I 


1-0 
0-1 


May 20-June 9 


: 0.61 


0.87 
1.00 
1.10 


0.96 , 0.98 
1.05 1.02 
0.96 , 0.95 
0.81 , 0.98 

1 


1.04 
0.94 
0.90 
0.98 




Jime 10-July 31 


1 1.04 




Sept. 1-Oct. 31 


0.94 
0.93 

1 


0.96 


Nov. 1-Dec. 31 


0.99 




1 







Temperature deficiency. — ^Attention has already been invited to a 
probable connection between the depletion of insolation by volcanic 
dust and the temperature of the air (8). In Table 5 I have sum- 
marized the monthly mean temperature departures for the Northern 
Hemisphere for the period April, 1912, to October, 1913, inclusive. 
The data have been derived from the following sources: 
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Alaska. — ^Monthly mean temperatures for six Weather Bureau sta- 
ao,. were obtdnj troo, th, Monthly sum.o.ri» of ob»,^ti«ns, 

and the corresponding normals from tables prepared by the Climato- 
logical Division of the Weather Bureau. 

Canada, — The *' Temperature differences from the average*' for 
about 140 stations are published in the Canadian Monthly Weather 
Review. From these were computed the temperature departures for 
the six districts, British Columbia, Alberta, Saskatchewan, Mani- 
toba, Ontario, and Quebec, and the average of these taken for the 
temperature departure for Canada. 

United States. — The temperature departures for 21 districts as 
published in the Monthly Weather Review have been averaged to 
obtain the temperature departures for the United States. Observa- 
tions for about 185 stations are included in this average. 

Mexico. — ^Monthly mean temperatures for seven stations were 
obtained from the Boletin Mensuel of Mexico, and monthly normals 
from Ilann's Climatology, vol. 2. 

Atlantic Ocean. — The temperature departure for Bermuda has 
been obtained from the Canadian Monthly Weather Review, and for 
Madeira and the Azores from the Internationaler Dekadenbericht, 
of the Hamburg Seewarte. 

Southern EuropCj Northwestern Africa^ and Asia Minor. — ^The 
monthly temperature departures have been computed for 31 stations 
from temperature data published in the Internationaler Dekaden- 
bericht. 

Egypt. — The monthly temperature departures for seven districts 
are published in the Cairo Scientific Journal, and the mean of these 
has been taken for the temperature departure for Egypt. 

North Atlantic Ocean, northern Europe, and Russia in Asia. — The 
monthly temperature departures have been computed for 32 stations 
from temperature data published in the Internationaler Dekaden- 
bericht. 

India. — The monthly mean temperature departures for 15 districts, 
representing about 300 temperature stations, are published in the 
Indian Monthly Weather Review, and the mean of these has been 
taken for the temperature departure for India. 

Hongkong and Manila. — The monthly mean temperatures and 
monthly normals for Hongkong are published in an abstract from the 
Monthly Metereological Bulletin of the Royal Observatory, Hong- 
kong; and for Manila in the Philippine Monthly Weather Review. 

Japan and China. — The monthly mean temperature departure has 
been computed from temperature data for about 127 stations pub- 
Ushed in the Monthly Report of the Central Meteorological Observ- 
atory of Japan. The area covered extends from Formosa on the 
south, lat. 22° N., long. 121° E., to SakhaUn on the north, lat. 49° 
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N., east to long. 148° E., and west over Korea and eastern China, as 
far as Tientsin and Hangkow. 

Honolulu, — The temperature departures at Honolulu are given 
in the monthly summary of observations for the U. S. Weather 
Bureau station at Honolulu (Form 1030-Metl). 

Nearly 900 stations are represented in these temperature data. 
They cover practically all the great land masses of the northern 
hemisphere, except the interior of Asia, and many of the islands of 
the sea. 

Insolation and temperature data for the southern hemisphere for 
for this period are not yet available to me. 

Since the 12 geographical divisions represented in Table 5 are not 
of uniform size and the temperature stations are not uniformly dis" 
tributed, their respective temperature departures have been weighted, 
as indicated, in computing the temperature departures for the whole 
hemisphere for each month. The results are given in the last column 
but one of Table 6, and are plotted in figure 1 . 

Table 5. — Temperature departures {°C.)/or the Northern Hemisphere in 1912 and 1913. 



Districts. 



Relat ive 
weights: 



1912. 

April 

May 

Jane 

July 

AuKust 

September.. 

October 

November.. 
December.. 

1913. 

January 

February... 

March 

April 

May 

June 

July 

August 

September.. 
October 



OS 



OQ 

1 



10 



I 

K 



o 



•^ o o 

as 






+3.5 
+1.2 
-1.0 
-0.5 
-1.0 
-0.1 
+0.3 
+1.9 
-0.6 



-4.2 
+7.7 
+ 1.8 
+0.1 
+0.1 
+0.9 
-0.7 
-0.6 
-1.3 
-0.9 



+0.7 
+0.6 
+©.• 
-1.1 
-0.> 
-0.> 
-0.1 
+2.2 
+1.9 



-0.9 
-0.8 
-0.1 
+ 1.9 
-0.8 
+0.7 
-0.7 
+0.7 
+0.3 
-0.7 



Means,begln- ' 
n ing of 
ha se to 
Oct. 31, 
1913 



+0.1 



±0.0 



+0.1 
+0.4 
-0.8 
-0.3 
-0.6 
-0.3 
+0.4 
+ 1.2 
+0.9 



+ 1.4 
-1.1 
-0.2 
+0.6 
-0.1 
-0.1 
+0.1 

+ 1.1 
-0.1 
-0.4 



'» 



s 



Pi 
>> 

U 



OS 

tJOQ 



10 



+0.1 



+1.1 

-0.1 
-1.8 
-0.6 
-0.2 

(+0.2) 

(+0.2) 

-1.9 

+0.5 



+0.5 
+0.4 
-1.2 
-2.7 
-1.8 
-2.0 



-0.8 
-0.3 
-0.2 
-l.S 
-0.7 
-0.7 
-0.4 
-0.3 
-0.2 



+0.3 
+0.1 
+0.1 
-1.2 
-0.8 
-0.7 
-0.9 
-1.1 
-1.1 
-0.7 



-0.8i -0.6 



-1.2 
-0.5 
±0.0 
-1.1 
-1.6 
-8.4 
-1.6 
-0.t 
+ 1.4 



+1.7 
-0.4 
+1.1 
-0.3 
-0.6 
-0.9 
-1.9 
-1.1 
-0.3 
±0.0 



10 



±0.0 
-0.3 
-0.1 
-0.4 
-0.4 
-0.4 
-0.3 
-0.1 
-0.5 



-0.2 
-0.9 
-1.8 
-0.2 
-1.0 
-1.2 
-0.3 
-0.3 
+0.5 
±0.0 



I 



s 



be 

a 

o 

o 
=3 



-0.5 



-0.5 



-0.1 
-0.1 
+0.6 
-0.1 
-0.8 
-1.3 
-2.0 
-0.8 
+ 1.6 



+1.1 
+0.7 
+1.6 
+0.9 
±0.0 
-0.4 
-0.1 
+0.1 
±0.0 
-0.4 



±0.0 



-0.4 
+0.4 
+ 1.2 
+0.3 
±0.0 
-0.2 
+0.1 
-0.8 
-0.3 



±0.0 
+0.3 
-1.5 
+0.5 
-0.3 
-0.7 
-0.2 
±0.0 
+0.2 
+0.7 



-0.1 



-0.2 
+0.8 
+0.6 
+0.6 
-0.2 
-0.8 
-0.3 
-0.1 
-0.6 



-0.3 
+0.4 
-0.4 
-0.2 
-0.4 
±0.0 
+0.5 
-0.3 
-0.1 
-0.4 



§ 

ea 



3 

o 
§ 



+0.2 
-0.2 



-0. 
-0. 



-0.2 



±0. -0. 
-0.1 -0.31 
+0. 1 -0 
-1.2+0.1 
-0. 7 +0. 



-1.6 
-^0.6 



-1.1 
+0,4 
-0.9 
+1.0 
-0.6 
-0.4 
-0.8 
-0.9 



-0.6 



+0. 
-1. 



-0. 

+0. 

-0. 

-0. 

-0.J 

+0.2 

-0.4 

+0. 

+0. 



±0.C 



eS 

•a 

— »3 



-0.5 
-0.7 
-0.8 
-l.( 
-1.1 
-0.6 



en 

fit 

B 
•5^ 



t5 



±0.0 
±0.0 

±ao 

-0.4 
-0.7 
-0.9 
-0.6 
±0.0 
+0.7 



+0. 
+0. 
+0. 
+0. 
-0. 
-0. 
-0. 
-0, 
-0. 
-0. 



5 

a 
§ 



-1.7 
+0.7 
-0.1 
-0.'> 
-8.6 
-4.8 
-1.2 
-2.8 
+3.1 



+ 1.4 
+0.6 
+2.5 
±0.0 
4+0.4 
4,-0.7 
6,-1.8 
11-1.4 
1-0.4 
2-1.2 



'-0.16 



-0.6 



* June, 1912, to October, 1913, inclusive. 



It will be seen that there was a fall from normal temperature con- 
ditions in April to June, inclusive, 1912, to 0.9° C. below normal in 

47148—14 2 
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September, 1912, f oDowed by a rise to 0.7° C. above normal in De- 
cember, 1912, and a fall again to 0.6° C. below normal in July, 1913. 

The temperature departures are not of the same character in all 
geographical districts. Generally speaking, all districts were cold 
during July, August, and September, 1912, except in eastern and 
southern Asia, where the fall in temperature was not pronounced 
until September. Indeed, we may trace the gradual eastward prep- 
ress of the front of the area of low temperature as follows: In Alaska, 
the United States, and Mexico, in June; Canada, in July; over the 
Atlantic Ocean, in July; over Europe, during the first decade in July; 
over Egypt, in July; over Asiatic Russia to longitude 105° E., during 
the first decade in August; over eastern Asia, in September. The 
fall in temperature can not be followed across the Pacific Ocean with 
the limited data available. 

In Table 5 black-face figures indicate the temperature departures 
for those months during which it is believed the different geograph- 
ical districts were under the densest part of the volcaniii dust cloud, 
and the weighted means of these departures are given in the 
third column from the last. While these means may more nearly 
represent the effect of the volcanic dust cloud upon atmospheric 
temperatures during the first few months foDowing the eruption than 
do the means for the whole hemisphere, I have refrained from using 
them in figure 1 because of the uncertainty as to the rate at which 
the dust was distributed horizontally throughout the atmosphere. 

The most northerly districts were generally warmer than the aver- 
age during the winter of 1912-13. Egypt, eastern Asia, and the 
southwestern part of the United States were cold throughout prac- 
tically the entire period. 

The average monthly temperature departures for six mountain 
stations in Europe have been computed from data published in the 
Internationaler Dekadenbericht (Hamburg), and are given in the 
last column of Table 5. They show a greater difference between 
summer and winter departures than is found at high latitude stations. 

I have also computed the temperature departures for continental 
stations of the Northern Hemisphere. The principal deviation from 
the results given in Table 5 is the accentuation of the difference 
between summer and winter temperature departures. Thus, while 
the mean departure for June, 1912, to October, 1913, inclusive, was 
found to be -O-IS"" C. as compared with - 0.1(5° C. from Table 5, 
the departure for October, 1912, was -1.2° C, and for December, 
1912, it was +1.0° (\, or in each case 0.3° C. greater than in Table 5. 
The greatest average daily deficiency of temperature for any ex- 
tended district was 3.0° C. for northern Europe and Asia, or practi- 
cally the Russian Empire, during October, 1912. In March, 1913, 
the same region had an average daily temperature excess of 2.8° C. 
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Several explanations may be offered for the excess of temperature 
in high latitudes during the winter of 1912-13. The following are 
probably the most plausible: 

1. A period of minimum sun spots prevailed during the years 
1912-13, and according to the investigations of Nordman, Abbot, 
and others, the average temperatures should then be above normal (9). 

2. The dust cloud may have acted as a blanket to retard the 
usual winter cooling of the earth's surface. Humphreys (10) and 
A. Angstrom (11) are of the opinion that the retardation from this 
source would be slight, but Abbot and Fowle (8) advance arguments 
to show that half the loss of insolation on account of volcanic haze 
may have been compensated by a diminution in the radiation from 
the earth outward, due likewise to the haze. 

3. Since insolation initiates both the general and the local atmos- 
pheric circulations, the diminution in insolation may have modified 
the circulation in such a way as to increase the temperature of land 
masses in high latitudes during the winter of 1912-13. 

This last assumption is not improbable, as may be seen from an 
examination of the temperature departures for the United States. 
These were generally negative for all districts during June, July, and 
August, 1912; but in September, when the southwestern part of the 
United States was experiencing its maximum deficiency of temper- 
ature, averaging nearly 3.0® C. per day, the northeastern part of the 
country began to show a temperature excess. This excess reached 
its maximum in January, 1913, with an average daily departure for 
the month of -h 5.7° C. in New England and the North Atlantic 
States. These high temperatures, which were almost unprece- 
dented, have been attributed to unusually high barometric pressure 
over the western Atlantic Ocean, which caused a preponderance of 
southerly winds over the eastern part of the United States (12). 

A second notably warm period occurred in the central Plains States 
in August, 1913, with average daily temperature departures of +3.7° 
C. in the Missouri Valley. Persistent southerly winds, low absolute 
humidity, an almost total absence of rain, and an excess of sunshine 
have been given as the combined causes of the temperature excess 
of this period (13). 

At the same time Table 6 shows that the monthly temperature 
departures for the United States for the eight years 1906-1913, 
inclusive, computed as explained on page 210, indicate that through- 
out this interval, with the exception of the year 1912, the tendency 
was for temperatures above the normal, especially during the cold 
part of the year. This is in accord with the investigations of Arctow- 
ski (14), who found the temperatures of New York and of other 
cities in the eastern part of the United States to be generally above 
normal in 1905 to 1910, and the investigations of Humphreys (15), 
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whose temperature curve for the world shows temperatures above 
normal for the period 1905 to 1911. 

Table 6. — Temperature departures for the United States (°F.). 



Year. 


\ 1 
Jan. 

1 

. +5.0 


Feb. 


Mar. 


1 
Apr. May. 


June. 


July. 
-0.4 


Aug. 


Sept. 


Oct. 


Nov. 


Dec. 


Yeai, 


1906 


+ 1.3 -3.4 


1 
+ 1.8 -0.5 


-0.7 


+0.8 


1 
+2.3 


±0.0 


+0.2 


+1.1 


+0,6 


1907 


. +1.9 


+2.0 +4.6 


-3.2 '-3.9 


-2.2 


-0.3 


-0.7 


+0.1 +0.4 


+0.8 


+2.6 


+0.2 


1908 


. +3.5 


±0.0 +3.4 +1.8 -1.1 


-1.2 


+0.3 


-0.7 


+ 1.5 -0.5 


+2.1 


+1.1 


+0.8 


1909 


. +3.2 +3.1 +0.2 i-1.3 -1.9 


+0.3 


-0.7 


+1.1 


+0.1 


±0.0 


+4.2 


-5.7 


+0.2 


1910 


.' + 1.0 -2.2 


+8.5 +2.7 -1.1 


-0.4 


+0.8 


-0.4 


+ 1.0 


+2.5 


-0.1 


-1.0 


+0.9 


1911.... 


.1+3.8 


+ 1.5 


+3.1 -0.6 1 + 1.2 


+1.7 


-0.2 


-0.4 


+ 1.5 


+0.4 


1-2,5 


+1.1 


+0.9 


1912 


. -3.8 


-1.1 


-3.8 +0.2 +0.6 


-1.5 


-0.6 


-1.1 


-0.5 +0.7 


+2.1 


+ 1.7 


-0.6 


1913 


. +2.6 *-2.0 '-0.4 +0.9 -0,1 

1 


-0,1 


+0.2 


+ 1.9 


-0.2 -0.8 


+4.2 


+1.9 


+0.7 


Means 


. +2.2 


+0.3 


+ 1.6 

1 


+0.3 


-0.8 


-0.5 


-0.1 


+0.1 

1 


+0.7 1+0.3 

1 


1+1.4 


+0.3 


+a5 



Conclusions. — The deficiency in insolation in 1912-13 slightly 
reduced the temperature of the Northern Hemisphere as a whole. 
It was no doubt a contributing cause of the pronounced low tem- 
perature area that advanced eastward from North America in June 
to September, 1912, to eastern Asia in September to November, 1912, 
and which persisted about a year in certain regions in low latitudes 
that are little disturbed by storms. In regions in middle latitudes 
where storms are frequent local temperature departures were deter- 
minecf largely by the character of the atmospheric circulation. 

SUMMARY. 

FoDowing the eruption of Katmai Volcano, in Alaska, in June, 
1912, a cloud of high haze or dust was gradually distributed through- 
out the atmosphere of the northern hemisphere and caused a marked 
diminution in the intensity of direct solar radiation. This diminu- 
tion reached its maximum at Mount Weather, Va., in August, 1912, 
and was noticeable until nearly the end of 1913. There was at the 
same time an increase in the quantity of heat received diffusely from 
the sky, but the net result was a decrease in the amount of heat 
energy received at the surface of the earth. It is possible that a 
decreased rate of outward radiation partly compensated for this loss 
of insolation. 

Temperatures below the normal commenced to prevail through- 
out Alaska, the United States, and Mexico in June, 1912; over 
Canada, the Atlantic Ocean, Europe, and northern Africa in July. 
1912; over Asiatic Russia to latitude 105° E. in August, 1912; and 
over the eastern part of Asia in September, 1912. Low temperatures 
persisted generally in low latitudes during the remainder of 1912 
and throughout the summer of 1913, with a maximum deficiency for 
the whole hemisphere of 0.9° C. in September, 1912. There was an 
excess of temperature in high latitudes during the winter of 1912-13, 
with a maximum departure for the hemisphere of +0.7° C. in 
December. The average daily deficiency of temperature for the 
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whole Northern Hemisphere for the period June, 1912, to October, 
1913, inclusive, was 0.16° C. If we consider continental stations 
only, the average daily deficiency for this period amounts to 0.18° C. 
During the winter of 1912-13 a period of marked excess of 
temperature prevailed over the northeastern part of the United 
States. This has been attributed to persistent southerly winds 
blowing out from an abnormal high-pressure area over the western 
Atlantic Ocean. During the summer of 1913 an area of unusually 
high temperature prevailed over the central part of the United 
States, which has been attributed to persistent dry southerly winds, 
with an excess of sunshine and «^n absence of rainfall. It therefore 
becomes apparent that while a diminution in insolation has had a 
cooling effect on the temperature of the Northern Hemisphere as a 
whole, and in regions little affected by storms may have controlled 
the temperature conditions, yet in regions where storms are frequent 
and the atmospheric circulation is vigorous this circulation has 
determined the character of the local temperature, and in some cases 
has brought it above the normal rather than below. Possibly a 
decreased rate of outward radiation also has helped to maintain tem- 
peratures above the normal in winter in high latitudes, but additional 
measurements of nocturnal radiation are necessary before this point 
can be settled. 



Table 7. — Solar radiation intensities at Mount Weather, Va., during 191S. 
[Oram«?alories per minute per square centimeter of normal surface.] 



Date. 



Jan. 2, a. m.. 
Jan. 4, a. m.. 
Jan. 9, a. m.. 
Jan. 22, a. m. 
Jan. 28, a. m. 
Jan. 30, a. m. 

Means. 



Jan. 4, p. m.. 
Jan. 9. p. m . . 
Jan. 21, p. m. 
Jan. 22, p. m. 

Means. 



Feb. l,a. m. 
Feb. 4, a. m . 
Feb. 5, a. m . 
Feb. 6, a. m . 
Feb. 7, a. m. 
Feb. 10, a. m 
Feb. 12, a. m . 
Feb. 13, a. m . 
Feb. 14, a.m. 
Feb. 15, a. m . 
Feb. 18, a. m . 
Feb. 19, a. m . 
Feb. 23, a. m. 

Means. 



1913. 



Air masses^ 



1.0 



1.5 



1.28 



1.21 
1.35 
1.30 
1.24 



0.96 



1.22 



2.0 



1.20 
1.29 
1.28 
1.11 
1.19 



1.21 



1.23 
1.24 



(1.24) 



1.12 
1.06 
1.20 
1.24 
1.16 



1.21 
1.27 
1.18 
1.10 
1.18 
0.90 
1.17 



2.5 3.0 



1.12 
1.12 
1.21 
1.16 



1.13 



1.04 
1.15 
1.19 
1.10 



1.07 
0.94 
1.08 
1.18 
1.04 



1.05 
1.21 
1.06 
1.00 
1.01 
0.81 
1.05 



1.02 



1.11 
1.05 
0.84 
1.00 



1.15 1.00 



3.5 



4.0 



4.5 ■ 5.0 



0.88 



1.04 
0.97 



0.92 



0.97 
0.89 
0.70 
0.86 



1.04 
1.03 
1.06 



0.96 0.86 



0.99 
0.95 
0.99 



0.91 
0.86 
0.90 



0.91 
0.83 
0.62 



0.76 
0.57 



0.80 0.73 



0. 79 0. 69 



5.5 



0.69 



0.73 



(0.71) 



0.83 
0.82 
0.85 



0.78 
0.75 
0.81 



1.14 1.04 0.98 0. 



0. 
0. 
1. 
0. 
0. 
0. 



86 
93 
09 
93 
81 
93 



0. 
0. 
0. 
0. 
0. 



95 
89 
86 
76 
93 



0.80 
0.85 
1.00 
0.86 

6.87" 

0.97 

0.90 

0.83 

0.83 

0.73 

0.86 



0.73 
0.74 
0.91 
0.78 
0.67 
0.73 
0.85 
0.81 
0.75 
0.71 
0.64 
0.79 



0. 83 0. 78 0. 72 



0.73 
0.69 
0.75 



0.62 
0.64 
0.84 
0.73 
0.60 



0.80 



0.69 
0.63 
0.57 



1.15 ! 1.04 ' 0.90 I a86 



0.76 



0.68 



0.56 
0.56 
0.76 
0.64 
0.52 



0.75 



0.63 



0.52 



0.60 



0.69 



0.54 



6.0 



0.62 



1- 

0.60 i. 
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Table 7. — Solar radiation intensities at Mount Weather, Va. — Continued. 
[Gram-calorics per minute per square centimeter of normal surface.] 



Date. 


1.0 


1.5 






Air mas 


ses. 

4.0 






5.5 




2.0 


2.."^ 


3.0 

0.87 
1.02 
1.03 
0.94 
0.91 
0.83 


3.5 


4.6 


5.0 


6.0 


1913. 
Feb. 4, p. m 






1.08 
1.24 
1.24 
1.16 
1.21 
1.12 
1.21 
1.16 
1.11 
0.77 


1.01 
1.11 
1.13 
1.04 
1.04 

1.02 
1.00 
0.96 


0.76 
0.89 
0.95 
0.83 
0.83 




1 
_.....J._.^_ 




Feb. 5, p. m 






0.79 
0.87 
0.75 
0.78 


0.71 
0.80 
0.71 


0.66 
0.74 
0.62 






Feb. 6, p. m 






0.69 
0.58 




Feb. 7. D. m 









Feb. 8, p. m 








Feb. 12, p. m 











^ _ 

1 


Feb. 13, p. m 








1 . . . 


1 


Feb. 14. p. m 






0.88 
0.83 
0.51 
0.87 
0.87 


0.79 
0.75 
0.44 
0.76 
0.80 

0.78 


0.71 
0.69 
0.40 
0.65 
0.72 


0.65 
0.63 
0.34 
0.57 


0.59 
0.62 
0.32 
0.50 


6.54 
0.58 
0.28 




Feb. 18. p. m 








Feb. 19. p. m 








Feb. 22, p. m 









Feb. 23, p. m 








0.97 










Mf^Ti" . 






1.13 


1.03 


0.87 


0.71 


0.63 


0.58 


0.53 












. 


Wat- 7, a. m ..... 




1.20 


1.09 0.98 


0.87 
0.84 


0.79 
0.76 


0.69 
0.67 









Mar. 9, a. m 




0.64 






Mar. 17, a. m 


1.27 
1.29 
1.19 
1.34 
1.21 










Mar. 18, a. m 


1.16 
1.07 


1.03 

0.96 




0.93 
0.89 


0.83 
0.81 


0.76 


0.69 


0.62 


0.54 
0.56 




Mar. 19, a. m \ 






Mar. 22, a. m 










Mar. 28, a. m 


1.04 1 0.80 


0.72 


0.63 


0.56 


0.49 
0.49 
0.47 


0.44 
0.42 
0.42 

0.51 


0.38 
0.36 
0.37 




Mar. 29, a. m 




Mar. 30, a. m 




0.85 























• ••••■ 






Meana 




1.25 


1.04 ' 0.96 


0.85 


0.76 


0.67 


0.54 


0.44 










Mar. 7, p. m 




1.15 
0.91 
0.92 
1.28 
1.29 


1.06 1 0.97 


0.83 


0.78 


0.70 


0.62 


0.58 






Mar. 11, p. m 






Mar. 12, p. m , 


0.77 i 0.63 


0.59 
0.89 
0.93 


0.55 
0.81 
0.84 
0.78 
0.75 










Mar, 17, p. m . 1 


1.11 
1.16 


1.00 
1.03 


0.73 
0.78 
0.71 
0.64 


6.65* 
0.71 
0.63 
0.57 


0.58 
0.65 
0.58 
0.51 


0.54 
0.60 
0.54 




Mar. 18, p. m 






Mar. 20, p. m 


• 




Mar. 21, p. m 


1 


1.12 
1.16 


0.97 


0.85 




Mar. 22, p. m 




1.30 
1.25 
1.13 






Mar. 27, p. m 












' 




Mar. 28, p. m 




1 






1 


1 




Mar. 31, p. m 




0.98 0.83 


0.72 




1 


t 






- - - — 






0.71 


0.64 


0.58 


0.56 




Means 


1.15 


1.05 , o.go 


0.80 


0.75 


„ 








Apr. 1, a. m 









0.93 
0.85 
0.73 












Apr. 2, a. m 


1.16 
1.04 
1.24 
1.26 
1.24 
1.28 
1.12 
1.29 
1.23 
1.17 
0.88 
0.87 
0.73 
1.27 


1.02 
0.85 
1.12 


0.76 


0.67 


0.60 


0.54 


0.49 






Apr. 3, a. m 









Apr. 5, a. m 


1.35 
1.43 
1.38 
1.40 
1.41 
1.44 
1.40 






1 






Apr. 7, a. m 










■ 


..'..'.."" 




Apr. 8. a. m 


1.11 ; 0.99 
1.18 1 1.06 


0.90 
0.95 
0.76 
0.93 
0.83 


0.83 
0.86 
0.66 
0.84 
0.75 


0.75 
0.81 
0.59 
0.78 
0.69 


0.69 
0.74 
0.52 
0.66 
0.62 


0.63 


0.59 




Apr. 17, a. m 


..... 


Apr. 18, a. m 


0.99 
1.16 
1.07 
1.00 


0.85 
1.03 
0.94 
0.85 


0.49 
0.61 
0.55 


0.45 
0.57 
0.50 




Apr. 20, a. m 

Apr. 21, a. m 

Apr. 22, a. m 




Apr. 23, a. m 


1.06 


0.70 
0.71 
















Apr. 24, a. m 


0.56 


0.47 
0.38 


0.39 
0.32 


1 








Apr. 25, a. m 


6.98 
1.42 


0.55 0.46 
1.12 n.oo 


0.28 
0.72 


0.24 
0.64 









Apr. 30, a. m 


0. 89 0. 80 


0.58 


0.52 








n RS 




Means 


1.33 


1.13 


0.97 


0.76 , 0.68 


0.65 


0.58 


0.56 


0.53 










Apr. 8, p. m 




1.22 
1.25 
1.09 
0.98 
1.19 
1.22 
0.96 
0.78 
0.76 
0.91 
1.18 


1.01 0.73 
l.ll n.oo 


0.53 
0.89 
0.64 








1 




Apr. 17, p. m 




0.81 
fl..V> 


0.75 
0.47 
0.47 
0.57 
0.76 


0.60 


1 

1 




Apr. 18, p. m 




0.87 
0.84 
0.95 
1.09 
0.78 
0.58 
0.73 
0.79 


0.75 
0.70 
0.84 
0.99 
0.64 


1 




Apr. 19, p. m 


1.05 


0.^ ' 0.49 
0.74 i 0.65 
0. 90 0. fa 




( 




Apr. 20, p. m 


0.52 


1 




Apr. 21, p. m 






Apr. 22, p. m 


1.27 


0.56 










Apr. 23, p. m 








1 




Apr. 24, p. m 1 


0.57 
0.71 


0.48 
O-.W 


0.37 
n.'W 






1 




Apr. 25, p. m 






, 




Apr. 30, p. m 




0. 98 0. 85 


0.74 1 0.63 








0.3G 
















MfH^Ti<^ , . , , . . 


(1.16) 


1.05 


0.88 


0.78 


0.66 > n. Ai 


0.60 


(0.60) 


(0.36) 
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Table 7. — Solar radiation intensities at Mount Weather. T'a.— Continued. 
[Gram-calories per minute per square centimeter of normal surface.] 



Date 



1913. 



Afay l,a. m.. 
May 2, a. m. . 
May 3, a. m.. 
May 5, a. m.. 
May 8, a. m. . 
May 9, a. m.. 
May 10, a. m. 
May 11, a. m. 
May 12, a. m. 
May 13, a. m. 
May 19, a. m. 
May 25, a. m. 
May 26, a. ni. 
May 29, a. m. 
May 31, a. m. 

Means. 



May l,p. m., 
May 2, p. m.. 
May 3, p. m . . 
May 4, p. m . . 
May 5, p. m . . 
May 8, p. m . . 
May 9, p. m . . 
May 10, p. m. 
May 11, p.m. 
May 12, p. m . 
May 19, p. m . 
May 20, p. m . 

Means.. 



June 
June 
June 
June 
June 
June 
June 
June 
June 
June 



3, a. m., 

5, a. m . , 

6, a. m . . 

9, a. m. 

10, a. m . 

11, a. m. 

12, a. m . 

13, a. m . 
18, a. m . 
27, a. m . 

Means.. 



June 2, p. m ... 
Jime 3, p. n)r: . 
JuhMlii^^.. 
June 6, p. m.. 
June 9, p. m.. 
June 10, p. ro. 
June 20, p. m. 
June 30, p. m. 

Means.. 



Air m-is^ei. 



1.0 



1.27 
1.33 
1.22 
1.00 
1.31 
1.08 
1.32 
1.23 
1.28 
1.03 
1.31 
1.30 



1.28 



1.23 



1.5 



1. 15 
1.18 
0.95 
0.79 
1.16 
0.87 




1.02 
1.04 
0.78 
0.65 
1.02 
0.57 



1.09 
0.99 
0.89 
1.24 
1.19 
0.89 



0.99 
0.98 
0.77 



16 
04 



0.99 



1.22 



(i.in) 



1.11 

1.01 
0.92 
0.83 
0.82 
1.06 
0.98 
0.95 
0.99 
1.05 
1.02 
1.09 



1.04 
0.69 
1.06 
1.05 

0^90 

0.89 
0.89 
0.76 
0.70 
0.67 
0.96 



0.91 , 0.82 
0.94 I 0.86 
0. 64 ' 0. 55 



0.92 
0.50 



0.84 
0.43 



3.5 



0.73 
0.79 
0.47 



0.91 
0.89 



0.90 
0.53 
0.96 
0.96 



0.82 
0.79 



0.81 
0.41 
0.86 
0.88 



0.77 
0.35 



0.75 
0.70 



0.72 



0. 82 I 0. 73 



0.74 
0.79 



0.88 
0.83 



0.83 
0.82 



0.99 ! 0.82 



0.98 



0.92 



1.43 



37 
38 
31 



1.07 
1.24 



1.24 
1.25 
1.19 

0.87 
0.98 
0.88 



0.75 
1.04 
0.79 



1.15 
1.09 



July 1 , a. m 

July 2, a. m 

July 3, a. m 1.18 

Jluy 4, a. m | 1.03 

July 5, a. m 1. 27 

July 6, a. m 

July 7, a. m 

July 8, a. m 

July 10, a. m 

July 13, a. m 

July 16, a. m 1.33 

July 18, a. m 

July 19, a. m • 

July 20, a. m 

July 21, a. m 

July 22, a. ra 

July 24, a. m 1.16 

July 25, a. in 

July 27, a. m 

July 28, a. m > 1.23 

July 29, a. m | 1.07 

July 31, a. m 

Means 




0.67 
0.83 



l.(M 0.90 



0.69 
0.79 
0.61 
0.58 
0.53 
0.83 



0.48 
0.71 
0.49 
0.48 



0.72 



0.70 
0.70 



0.59 
0.65 



0.57 



0.46 
0.41 



0.68 

0^37 
0.59 
0.40 
0.41 



4.0 



0.65 
0.72 
0.39 



4.5 



0.57 
0.65 
0.35 



0.70 
0.29 



0.62 
0.24 



0.64 



0.64 



0.64 
0.72 



0.60 



0.62 



0.51 



0.51 
0.34 
0.35 



0.55 
6.45' 



0.36 
0.40 



0.29 
0.40 



0. 67 0. .54 



0.60 I 0.50 
0.94 , 0.85 
0.73 0.50 



0.46 0.41 



0.59 



0.58 
0.65 



0.53 



5.0 



5.5 1 6.0 



0.52 
0.61 



0.48 
0.56 



0.56 
0.21 



0.52 



0.54 



0.54 
0^60 

0.51 



0.52 



0.46 
0.27 
0.31 



0.46 



0.38 



1.05 
0.96 
0.95 
0.54 
0.67 



0.96 
0.84 
0.82 
0.44 



0.44 
0.77 



0.43 
0.70 



0. 88 0. 79 
0.76 0.73 



0.40 
0.62 



0. 35 0. 30 



0. 80 I 0. 70 



0. 64 0. 59 



1.17 1.00 0.90 0.80 , 0.69 



0.75 
1.09 



0.65 
0.97 



0.58 
0.91 



0.51 



0.89 



0.80 



0.72 



0.93 i 0.83 0.75 (0.60)' 



1.07 
0.82 
1.12 



1.09 
0.98 
1.05 



I 



0.94 
0.69 
0.96 
0.95 
1.00 
0.86 



0.82 
0.59 
0.83 
0.86 
0.91 
0.77 



0.56 
0.73 
0.52 
0.78 
0.77 



0.26 



0.41 
0.22 
0.27 



r 



0.30 



0.22 



(0.22) I 



0.36 



0.32 



0.43 (0.36) (0.32) 



0.51 
0.64 
0.49 
0.74 
0.70 



0.46 



0.46 
0.62 



0.43 
0.50 



0.65 



1.19 
0.98 
1.07 



1.12 
1.01 
1.05 



1.18 
0.92 
0.83 
0.61 



1.00 
1.06 



1.01 
0.86 
0.91 
1.05 



0.97 



0.88 



0. 60 0. 55 



0.62 
0.92 



; 0.48 
I 0.83 



0. 80 I 0. 72 ' 0. 65 



0.53 



0.87 0.75 



0.66 
0.42 



0.53 
0.40 



0.75 
0.57 
0.64 
0.63 



0.67 
0.53 
0.59 



0.43 
0.33 



I 0. 43 

0.38 1 0.34 
0. 28 0. 22 



0.63 
0.49 
0.55 



0.30 
0.19 



0.40 
0.41 



0.38 



0.60 



0.58 

0. 44 0. 41 
0. 49 0. 43 



0^5 



I.IS I 1.0 O.SS 0.76 0.64 0.59 J)..=)l 0.47 0.44 



JD.J3 
0.34 
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Table 7. — Solar radiation intensities at Mount Weather, Va. — Continued. 
(Qram-oalorles per minute per square oentimeter of normal surface.] 



Date. 










Air masses. 










1.0 


1.5 


2.0 
0.71 


2.5 
0.58 


3.0 


3.5 


4.0 


4.5 


5.0 


5.5 


6.0 


1913. 
July 1, p. m 










July 2, p. m 


1.05 
1.18 
1.06 


















July 3. p. m 


i.66 

0.08 

i.ii 


0.82 1 0.73 
0.90 1 0.81 
0.98 , 0.86 


0.64 
0.71 






...... 




1 


July 4, p. m 














July 8. p. m 














July 13, p. m 


1.32 






0.72 










July 14, p. m 


1.12 
1.07 
1.17 
1.11 
0.97 

















July 15, p. m 




















July 16, p. m 




1.04 1 0.92 
















July 21, p. m 


1.25 
1.15 
















July 22. p. m 


0. 82 0. 70 
















July 23. p. m 


0.81 




































Mm^a 


1.17 


1.07 


0.87 . 0.77 ' 


ro.68) 


'(0.72) 






















Aug. 2, a. m 


1.28 


1.10 
0.98 
1.01 
1.12 
0.97 


1.00 0.90 
















Auk. 3. a. m 


0.79 


0.66 


0.57 


0.50 


0.44 


0.39 


0.37 


0.34 


0.32 


Aug. 4, a. m 


1.22 
1.16 
1.05 
0.71 




Aujr. 10, a. m 












' 


1 . _ 


Aug. 16. a. m 


0.82 


0.71 


0.60 


0.54 


0.48 


0.43 
0.20 


0.38 


0.34 




Aug. 17, a. m 




Aue. 18, a. m 




0.66 
1.03 












1 


Aug. 20, a. m 




1.18 


0.95 














Aug. 21, a. m 


1.32 













Aug- 23, ^. m .,_,__.. 


1.10 


0.92 


0.79 


0.72 




0.59 










Aug. 24. a. m 








0.30 
0.52 


0.24 
0.47 




Aug. 25, a. m ' 


1.20 
1.07 
0.88 
1.07 
1.04 
1.15 


i.66 : 6.90 \ 6.8i 

0.88 0.7£ 0.64 


0.73 
0.56 
0.62 
0.79 


0.65 
0.49 
0.54 
0.70 


0.58 


0.42 


Aug. 26. a. m 




Auk. 27. a. m 




0.85 
1.01 


0.79 
0.95 


0.70 
0.88 


1 






AuK. 28. a. m 


1.10 
1.34 
1.29 


0.69 


0.60 


0.53 


0.47 


Aug. 30. a. m 




Aug. 31. a. m 


1.02 


0.92 


0.82 


0.74 


0.65 


0.58 


0.53 


0.49 










Mean.^ 


1.16 


1.06 


0.91 


0. 83 0. 72 


0.63 


0.56 


0.48 


0.45 


0.40 


0.40 










Aug. 2. p. m 


1.33 
1.25 
1.10 
0.91 
1.35 
1.33 
1.43 
1.23 








1 1 








Aug. 5, p. m 


1.06 
0.73 
0.82 
1.25 
1.12 
1.29 


0.91 


0.78 












Aue. 16. p. m 






1 






Aug. 18, p. m 








1 






Aug. 20. p. m 


1.16 1.07 


0.98 


0.90 


0.82 


0.76 


0.69 




Auk. 23, p. m 


0.95 
1.12 


0.81 
1.02 




Auk. 25. p. m 


0.92 


0.83 


0.76 


0.69 


0.63 


0.57 




Aug. 26, p. m 












1 






' 


Mm^A . , , 


1.24 


1.04 


1.04 


0.92 


ro.gs^ 


(0.86) 


(0.79) 


(0.72) 


(0.66) 


(0.57) 










Sept. 1. a. m 




1.07 
1.17 
1.14 
1.32 
1.27 
1.26 
1.20 
1.28 
1.37 


0.95 


0. 84 0. 75 


0.68 
0.86 
0.76 
1.03 
0.92 


0.62 
0.79 
0.60 
0.96 
0.85 


0.56 
0.74 
0.64 
0.91 
0.79 


0.52 
0.68 
0.59 
0.85 
0.74 


0.47 
0.64 
0.55 
0.81 
0.69 




Sept. 5, a. m , 


1.30 
1.27 
1.44 
1.39 
1.35 


1.07 
1.04 
1.24 
1.16 
1.14 


0.99 
0.92 
1.17 
1.08 


0.93 
0.83 
1.10 
0.99 


0.59 


Sept. 6. a. m 


0.51 


Sept. 9. a. m 


0.75 


Sept. 10. a. ro 


0.65 






Sept. 13, a. m 
















Sept. 22, a m 




1.20 
1.2B 


1.08 
1.16 


0.97 
1.07 












Sept. 23. a. m 




6.98 
0.64 


6.66 
0.56 


6.83 
0.49 


0.76 
0.43 


6.72 
0.38 


0.66 


Sept. 24, a. m 




1.09 0.00 


0.80 6.72 


0.33 


Sept. 25, a. m 




1.11 
1.24 






Sept. 27, a. m 




i.'i6* 


1 










Sept. 28. a. ro 




1.26 1.11 


1.01 


0.94 


0.88 


0.82 . 0,76 


0.71 


0.67 


0.62 








Means ....„.., 


1.35 


1.21 1.11 


1.01 


0.02 


0.84 


0.77 1 0.72 


0.66 


0.62 


0.59 








Sept. 2. p. m 


1.16 


1.07 1 n.fls 1 n.87 n. 7K 


0.70 


0.63 ' n.57 


0.51 


0.46 


0.41 


Sept. 4. p. m 




0.85 
1.04 












Sept. 5, p. m ! 


1.17 


0.97 
0.93 


0.88 
0.8.3 


0.80 
0.75 
0.97 


0.73 
0.69 
0.91 


0.68 


0.64 


0.59 


0.55 


^*'r • ~L' r' ***" --••••••--•..■••-•.•• 

Sept. 6. p. m 




1.14 1.03 
1.29 1.20 
1.25 < 1.14 




Sept. 9. p. m 




1.12 1.04 


0.86 


0.81 


0.76 


0.72 


Sept. 10. p. m 




1.06 






Sept. 11. p. m 




1.24 i 1.15 1.06 


0.99 


6.90 
0.87 


0.81 , 0.74 
0.78 , 0.71 


0.67 
0.65 


0.60 
0.59 


0.56 


Sept. 23. p. m 


1.28 1.16 1 1-06 0.96 




Sept. 24. p. m 


1.09 1-01 


0.83 






1 


Sept. 26. p. m * 


1.24 






1 1 


1 










1 


! 


Means 


(1.16) 


1.20 1 1.06 


0.90 


0.91 


0.83 


0.76 1 0.71 


0.66 


0.60 


0.56 
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Table 7. — Solar radiation in^nsities at Mount Weather ^ Va. — Continued. 
[Gram-caloriea per minute per square centimeter of normal surface.] 



Date. 










Air masses. 










1.0 


1.5 


2.0 


2.5 


3.0 


3.5 


4.0 


4.5 


5.0 

0.82 
0.84 


5.5 


6.0 


1913. 
Oct. 4, a. m 




1.33 
1.35 


1.21 
1.24 
1.15 
1.24 
1.30 
1.16 
1.25 
1.14 
1.17 
1.03 
1.08 


1.12 
1.15 
1.09 
1.09 
1.20 
1.08 
1.12 
1.06 
1.06 
1.01 
0.98 


1.04 
1.09 
1.03 
0.97 
1.13 
1.02 
1.07 
0.97 
0.98 
0.93 


0.97 
1.03 


0.92 
0.96 


0.87 
0.89 


0.77 
0.78 


0.71 


Oct. 5, a. m 




0.73 


Oct. 6, a. m 






Oct. 13. a. m 






0.87 
1.07 
0.94 
1.00 
0.89 
0.92 
0.85 




,,..^,1 






Oct. 14. a. m 




i.38 
1.27 


1.00 
0.86 
0.92 
0.85 
0.87 
0.77 


0.92 
0.80 
0.84 


0.87 
0.74 


0.84 
0.68 


0.81 


Oct. 16, a. m 




0.62 


Oct. 22. a. m 






Oct. 23, a. m 




1.23 








Oct. 27, a. m 










Oct, 29. a. m 






1 






Oct. 30. a. m 




1.15 


1 


1 

















Means 




1.28 


1.18 


1.09 


1.02 


0.95 


0.80 


0.86 


0.82 


0.77 


0.72 








Oc^-. 4. D. m 




1.32 
1.17 


1.17 
1.04 
1.24 
1.20 
1.08 
1.10 
1.C3 


1.06 
0.95 
1.09 
1.06 
0.92 


0.98 
0.80 
1.02 
0.96 
0.80 


0.90 
0.85 
0.96 
0.88 
0.71 


0.82 
0.81 
0.90 
0.82 
0.66 


0.75 
0.76 
0.84 
0.78 
0.56 


0.70 
0.71 
0.77 
0.71 
0.50 


0.65 
0.66 
0.71 
0.64 
0.46 




Oct. 12. p. m 






Oct. 13, 1). m 




0.67 


Oct. 14, p. m 

Oct. 16^ p. m 




1.34 
1.21 


0.57 
0.41 


Oct. 23, D. m 




..,»'.. 


Oct. 20. 1). m 




1.10 






































Mean!* 




l.fln 


1.12 


1.02 


0.93 


0.86 


0.80 


0.74 


0.68 


0.62 


0.55 








Nov. 4. a. m 




1.04 
1.39 
1.41 


0.01 
1.30 
1.32 


0.83 
1.20 
1.22 
1.19 
1.16 














Nov. 5, a. m 




1.13 
1.13 
1.13 


1.07 
1.06 
1.08 


"i.oi 

1.00 
1.02 
0.89 


6*95' 
0.94 
0.96 
0.82 


0.92 
0.88 
0.91 
0.76 






Nov. 6. a. m 




0.83 
0.85 
0.70 


0.78 


Nov. 7, a. m 




0.79 


Nov. 12, a. m 






1.24 
1.22 
1.29 
1.03 


0.63 


Nov. 17. a. m 












Nov. 18. a. m 






i.is 

0.88 


1.10 


1.03 












Nov. 21 . a. m 








1 






Nov. 22, a. m 










0.82 
1.01 
0.92 


0.74 
0.96 
0.88 








Nov. 24, a. m 








i.is 

1.14 


1.12 
1.05 


1.06 
0.97 


0.91 
0.84 


0.86 
0.75 


, 


Nov. 25, a. m 




















Means 




1.28 


1.19 


1.11 


1.11 


1.04 


0.95 


0.89 


0.87 


0.80 


0.73 








Nov. 3, p. m 






1 




0.88 
0.51 
1.07 
1.09 


0.78 
0.47 
1.00 
1.04 


0.71 
0.44 
0.95 
0.99 
0.90 


0.66 


0.61 




Nov. 4, p. m 






0.91 
1.30 
1.33 


0.70 
1.22 
1.24 


0.63 
1.14 
1.16 




Nov. 5, p. m 






0.90 
0.04 
0.86 


0.85 < 
0.89 


0.81 


Nov. 6. p. m 






0.86 


Nov. 12. p. m 








Nov. 17. p. m 






1.28 
1.06 
1.14 












Nov. 21. p. m 






6*96 
0.91 


0.90 
0.76 


'6.' 86 
0.67 


0.82 
0.58 


0.76 


0.60 






Nov. 24. p. m 
























Means 






1.17 


1.02 


0.92 


0.85 


0.78 


0.79 


0.81 


0.78 


(0.84) 










Dec. 2, a. m 










1.03 


0.97 
0.02 
1.06 
1.09 
1.13 
1.22 
1.16 
0.80 
0.93 


0.92 
0.84 
0.97 
1.03 
1.06 
1.13 
1.08 
0.76 
0.87 


0.85 
0.79 
0.91 
0.97 
1.00 
1.05 
1.01 
0.74 
0.85 








Dec. 4, a. m 










0.73 


0.65 




Deo. 6, a. m 








1.16 
1.23 
1.29 
1.37 
1.30 
0.90 
1.05 


1.13 
1.16 
1.20 
1.31 
1.22 
0.81 
0.99 




Dec. 9, a. m 






1.33 
1.39 
1.42 
1.39 
1.17 
1.17 








Dec. 12. a. m 






0.P5 
1.01 
0.05 
0.69 
0.82 


0.91 
0.97 
0.90 


0.87 


Dec. 13. a. m 






0.93 


Dec. 15, a. m 






0.85 


Dec. 18. a. m 








Dec. 19, a. m 






0.59 












Means , . , 






1.31 


1.19 


1.11 


1.03 


0.96 


0.91 


0.86 


0.80 


0.88 










Dec. 9, p. m.... 








1.22 
1.14 










Dec. 11. p. m 






1.29 


1.01 
1.18 
1.20 
1.21 


0.90 
1.13 
1.14 
1.12 


0.80 
1.07 
1.08 
1.02 


0.71 
1.02 
1.03 
0.94 


0.60 
0.08 
1.00 
0.88 


0.50 




Dec. 12. p. m 








Dec. 13, p. m 








1.27 
1.24 


0.98 
0.82 


0.87 


Dec. 15, p. m 




















Mmuis . , , 






(1.29) 


1.22 


1.15 


1.07 


0.90 


0.92 


0.86 


0.75 


(0.87) 
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12. THE DIURNAL SYSTEM OF CONVECTION. A SUMMARY 
OF THE FREE AIR DATA OBTAINED AT MOUNT 
WEATHER FOR THE FISCAL YEAR JULY 1, 1912, TO 
JUNE 30, 1913. 

By the Aerial Section — Wm. R. Blair, Junior Profeaeor in Charge. 

[Dated Mount Weather, Va., April 1, 1914.] 

OBSERVATIONS. 

Five balloon and 178 kite ascensions were made during this year. 
The mean of the highest altitudes reached by the balloons was 2,120 
meters above sea level; by the kites, 3,048 meters. These ascensions 
were for the most part made in series, or in attempts at series, of 
observations continuing for 24 or more hours. The series were for 
the most part made in clear weather. In all, 1 1 complete and 9 partial 
series were made diuring the year. Partial series of less than 12 hours' 
duration have not been considered in the summary. Three complete 
series and one partial series made during the previous year have also 
been considered, making a total of 14 complete and 10 partial series 
summarized. Thess comprise 164 observations by means of kites 
and 6 by means of balloons. The mean of the highest altitudes 
reached with the kites was 3,258, but with the balloons 2,022 meters 
above sea level. The height to which obs9rvations were made was 
limited to 3,500 meters. One observation to this altitude could be 
made in about 3i hours. 

Opportunities for making a 24-hour series of kite flights to an 
altitude of 3 to 3.5 kilometers are not frequent, especially in the winter 
months. In winter the high and low pressure areas pass in such 
rapid succession that the time between calms or wind changes is not 
as long as the desired series. A series of 24 hours or longer was made 
on probably every opportunity that offered during this fiscal year. 

The purpose of these observations was the study of the diurnal 
system of convection. The elements observed were pressure, tem- 
perature, humidity, wind, and electric potential. The data have 
been considered in two groups— (1) observations when the sun wag 
south of the equator and (2) observations when the sun was north of 
the equator. A more detailed grouping would be of interest, but the 
number of observations does not warrant it. The complete series 
have already been considered separately.* 

The hourly values for any 24 hours of any of the elements observed 
have been compared with the value of that element at 1 p. m. and 

1 See this Bulletin, a, p. 344,418; 5, p. 21, 247, 372; and 6, p. 40, 81. 

221 



222 BULLETIN OF THE MOUNT WEATHER OBSERVATORY. 

their departures taken. The value at 1 p. m. was selected because 
on nearly all days on which observations were made an observation 
was made at this hour. When the period of observations began 
after or ended before 1 p. m. values for this hour were estimated. 
The mean departure of each element for each hour was found for 
each of the groups and applied to the mean 1 p. m. value. A slight 
correction was needed to eliminate the 24-hour change indicated by 
these mean hourly values. 

Six levels, one-half kilometer apart, have been considered in each 
group and the complete data at each level shown in as many charts. 
The data for the summer group are charted in figures 1 to 6; for the 
winter group in figures 7 to 12. There are three groups of curves in 
each figure. The upper group shows the diurnal variation of pres- 
sure, temperature, and absolute humidity; the second group, the 
diurnal variation of wind direction and velocity; and the third, the 
diurnal variation in atmospheric potential. To the left of each group 
of curves are given departures from the mean value for the 24 hours ; 
to the right, the observed values of the different elements. 

The elements upon which the curves showing diurnal variation in 
air movement are based need explanation. It is apparent that the 
small diurnal variation in the value of either the west or the north 
component of the air movement has but little effect on the whole 
air movement as observed during the kite flight. The total observed 
air movement has therefore been resolved into its west and north 
components and only the diurnal variation in each component, as 
shown by the hourly departures from the mean value for the day, 
considered. With these departures as component parts the direction 
and velocity of the winds belonging to the diurnal convective system 
have been determined. The hourly values of the direction and ve- 
locity thus determined are the ones charted in the second group of 
curves shown in each figure. 

All the elements in either group of data observed at a given level 
are charted in one figure so that the relations existing among them 
may be readily apparent. The comparison of the data obtained 
at any level with those at another, or of those in one group with 
those of the other, is not so easy since different figures must be con- 
sulted. To assist in this comparison a chart, figure 13, has been 
constructed in which data of both groups at the 526 and at the 
2,500 meter levels are shown. 

To avoid confusion of lines the data for air pressure, temperature, and 
movement only have been shown in figure 13. Black lines are drawn 
through equal departures from the mean of the air pressure. Red 
lines are similarly drawn for the air temperature. These departures 
are expressed in millimeters of mercury and in degrees centigrade, 
respectively. Arrows indicate the hourly direction and (by their 
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length) velocity of the horizontal air movement belonging to -the 
diurnal convective system. If it were not for the variation in length 
of day and night the charts in figure 13 as constructed would approxi- 
mately map conditions at the two levels in a belt around the w^orld 
between 25® and 50** north of the parallel on which the sun^s rays are 
vertical. The charts do show fairly well the positions of maximum 
departures from the mean pressure and temperature at either equi- 
nox but do not necessarily indicate the correct magnitude of these 
departures at those times. The primary purpose of drawing the pres- 
sure and temperature lines through the equal mean departures found 
for the cold and for the warm months of the year is to make easily 
apparent the relative magnitude and position of the departures found 
in the two halves of the year. 

VARIATIONS OF TEMPERATURE. 

As shown in figures 1 to 13 the type of diurnal variation prevail- 
ing at the earth's surface, in most of the elements observed, extends 
to between the 1 .5 and 2 kilometer levels in the summer half of the 
year; to between the 1 and 1.5 kilometer levels in the winter half. 
Above this transition level an entirely different type of diurnal 
variation in these elements tends to prevail. The temperature, 
pressure, and movement of the air show these two types of diurnal 
variation most markedly. 

The temperature maximum for the day at the earth's surface is 
found at 3** 40" p. m. in the summer half of the year. In the higher 
levels this maximum is somewhat retarded, appearing at 5** and 
5** 30" p. m., respectively, at 1 and 1.5 kilometers. Above the 1.5- 
kilometer level this maximum is in evidence only as a small secondary 
maximum superposed upon the diurnal minimum. It appears at 
5 p. m. in each of these upper levels. 

The temperature minimum for the day at the earth's surface is 
found at 5 a. m. in the summer half of the year. The advent of this 
minimum shows very little retardation in the 1 and 1.5 kilometer 
levels. At levels higher than the 1.5 kilometer this minimum 
appears at 6 a. m. as a slight secondary minimum superposed upon 
the diurnal maximum of those levels. 

The temperature maximum for the day at the earth's surface is 
found at 3 p. m. in the winter half of the year. This maximum 
occurs at 3*" 30" p. m. at the 1-kilometer level. At higher levels it 
appears at 1 to 2 p. m. as a slight secondary maximum superposed 
upon or as an interruption in the diurnal minimum. 

The temperature minimum for the day at the earth's surface is 
found at 5** 35" a. m. in the winter half of the year. At the 1-kilometer 
level this minimum is interrupted by a slight secondary maximum 
of temperature. At higher levels there is little or no trace of it. 
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In the lower stratum explored, below the transition level defined 
above, departures of temperature from the mean for the day are 
greatest at the earth's surface. They gradually decrease with alti- 
tude up to the transition level. 

Above the transition level the temperature maximum for the day 
in the summer half of the year is found at 3 to 8 a. m. in the 2- and 
3-kilometer levels and at 3 to 11 a. m. in the 2.5-kilometer level. 
In the 2- and 2.5 kilometer levels this maximum of temperature, as 
illustrated by the means charted in figures 4 and 5, is not sharp. 
It seems to show the influence of the diurnal minimum of the lower 
stratum. In the 3-kilometer level this influence is less and the 
maximum better defined. At these levels the minimum temperature 
shown by any one series of observations is usually better defined 
than that shown by the means of the observations. 

The temperature minimum for the day above the transition level 
tends to place itself immediately above the diurnal maximum of the 
surface stratum, but is apparently interrupted at all levels in the 
summer months by the influence of the diurnal maximum of the 
lower stratum. There are, therefore, in the mean two minima 
of about equal importance occurring at 1 to 2 and 7 to 8 p. m. In 
any one series of observations the same type of curve is usually shown 
at this time of the day, but one or other of the minima is likely to 
predominate to a greater extent than is indicated by the mean curves. 

In the winter half of the year the temperature maximum above the 
transition level is found between 1 a. m. and 6 a. m. The influence 
of the diurnal minimum of the lower stratum is apparent at the 1.5- 
and 2-kilometer but not at the 2.5-kilometor levels. At the 2.5- 
kilometer level the maximum occurs shortly after 3 a. m. 

The temperature minimum for the winter half of the year above the 
transition level tends to place itself immediately above the maximum 
of the lower stratum. There is, however, in this as in the summer 
half of the year a persistent secondary maximum of a few tenths of a 
degree superposed upon the minimum. 

In both halves of the year the decrease in temperature at the earth's 
surface after the diurnal maximum has passed becomes markedly 
less at or just before midnight. There is little or no decrease in tem- 
perature until after 1 p. m. From this hour on until the minimum 
is reached the decrease in temperature is fairly rapid. 

At the 1 -kilometer level a small secondary maximum of tempera- 
ture appears as an interruption in the primary minimum. At higher 
levels this secondary maximum becomes more important, until above 
the traasition level it is the principal diurnal maximum. 

The type of diurnal variation of temperature obtaining above the 
transition level is still well defined at the 3-kiloraeter level in both 
halves of the year. Observations with sounding balloons wiD be 
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made in the near future, having for their purpose the study of diurnal 
variation of the varioiis meteorological elements at levels higher than 
3 kilometers. 

VAItlATION OF HUMIDITY. 

With the exception of the surface and 1 -kilometer levels in the sum- 
mer half of the year and the 2.5 and 3 kilometer levels in the winter 
half of the year, the maximum moisture content of the air is found 
shortly after noon and the minimum shortly after midnight at all 
levels and in all times of the year. At the four levels mentioned the 
maximum moisture content is found just before noon. 

VABIATION OF ELECTRIC POTENTIAL. 

The atmospheric electric potential reaches its maximum value for 
the day at about 7 a. m., i. e., at or soon after sunrise. FrOm this 
maximum value it falls rather rapidly to its mimimum value at about 
1 p. m. Fl'om this point there is a slow rise to what in many of the 
curves, especially those showing diurnal variation in the summer 
half of the year and at the lower levels, is a secondary maximum an 
hour or two before or after midnight. Those curves that do not 
show a secondary minimum about 3 or 4 a. m. have rather flat 
maxima. The diurnal variation in this element is much greater in 
the winter than in the summer half of the year at all levels. This 
element varies fairly consistently with the period of insolation. 
Hourly departures from the mean value for the day are negative from 
three or four hours after sunrise until four or five hours after sunset. 
Departures are positive during the remainder of the 24 hours. 

SUGGESTED EXPLANATION OF TEMPERATURE DISTRIBUTION. 

The temperature distribution both in the upper and in the lower 
of the strata considered seems to depend largely upon the varying 
ability of the latter to absorb and transmit terrestrial radiation. 
As the sun warms the earth's surface in the morning unequal heating 
produces local convection, thus causing interchange of surface air 
with air at higher and higher levels as the warming progresses. A 
soil thermometer at a depth of 2 centimeters records the highest 
temperature between 1 and 2 p. m. on a clear day. Nearer the 
surface the soil temperature maximum occurs earlier. At a depth 
of 20 centimeters it is found at about 8 p. m. After the earth's 
surface has reached its maximum temperature it loses heat most 
rapidly to the air in contact with it by conduction, and to air farther 
up by convection and by radiation. The heated air at the earth's 
surface as it rises to higher levels c arries \^'ith it moisture, dust, and 
nuclei rendering the stratum into which it rises capable of absorbing 
more, consequently of transmitting less, of the heat radiated from 
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the earth's surface. There is some evidence that the action of sun- 
light renders the air near the earth's surface less diathermanous. 
As the earth's surface cools the local convective currents subside. 
The formation of dew or frost, the settling of dust and nuclei, and 
the absence of the effect of sunlight on nucleation, combine to 
gradually clear the lower air, rendering it more and more diather- 
manous until sunrise of the next day. The height to which these 
local convective currents stir the air near the earth's surface seems to 
coincide with the transition level or the boimdary between the two 
strata above defined. It is to be expected that the lower stratum 
will be deeper in the summer than in the winter half of the year. 

The diurnal maximum of temperature at the earth's siurface is 
chiefly the result of conduction and of convective mixing, the latter 
having a retarding influence. In the higher levels of the lower 
stratum the diurnal maximum of temperature is the result of con- 
vection and the absorption of terrestrial radiation. As observed 
above, the maximum at these levels occurs considerably later than 
at the earth's surface. The secondary maximum of temperature in 
the upper stratum occurs at an earlier hour than the primary maxi- 
mum in the upper part of the lower strfttum. It does not lag with 
altitude. Therefore the chief determining fa( tor of this secondary 
maximum in the upper stratum seems to be the absorption at these 
levels of terrestrial radiation that has passed through the lower 
stratum rather than of radiation from the air of lower levels. The 
increasing absorbing power of the air in thfe upper part of the lower 
stratum together with the decline of the earth's potential as a radiator 
seems to determine the time of this secondary maximum in the upper 
stratum. 

The diiUTial minimum of temperature in the upper stratum is 
found at about the same time as the diurnal maximum in the lower 
stratum and is apparently accounted for by the high absorption and 
low transmission of the air in the lower stratum for terrestrial radia- 
tion. A relatively small amount of heat from this source reaches the 
upper stratum in the afternoon. 

The diurnal minimum in the lower stratum is apparently found at 
the time when the air in this stratum is most diathermanous and 
when the earth's potential as a radiator is lowest. It is about this 
time of the day, earlier in the winter half of the year, that the maxi- 
mum temperature of the upper stratum is found. This upper maxi- 
mum seems to occur at the time when, the diathermance of the air 
of the lower stratum and the earth's potential as a radiator considered, 
a relatively large amount of heat from this source is received in the 
upper stratum. 

It should be noted that the diurnal maximum of temperature in 
the upper stratum appears at 10 or 11 hours after sunset, this inter- 
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val being somewhat shorter in the winter than in the summer half 
of the year. Some observers measuring nocturnal radiation to the 
sky have f oimd a maximum value at two or three hours before sim- 
rise; others have not found a maximum value. This maximum 
value of nocturnal radiation seems to occur at the time of the dimrnal 
maximum of temperature of the upper stratum. If these maxima 
are simultaneous phenomena it is not Ukely that a nocturnal radiation 
maximum will be foimd in the shorter summer nights. On the 
other hand, such a maximum would be well defined in the long winter 
nights. Such a maximum would tend to occur at a given time, 
10 or 12 hours, after sunset rather than at a given time before 
sunrise. 

The amoimt of moistiure in the upper stratum generally is less at 
the time of the diurnal maximum of temperatiure than, at the time 
of the minimum. This condition probably tends to equalize the 
temperature at these levels. 

This suggested explanation of the diurnal distribution of temper- 
atmre in the region explored is practically the same as the tentative 
explanation based upon the data obtained in the three series of 
ascensions made during 1911 and 1912. Since the publication of 
the tentative explanation (this Bulletin, Vol. IV, p. 344) the author 
has had the advantage of the criticism of the work by others. For 
the most part critics have agreed with the explanation given. Some, 
however, think that practically all terrestrial radiation outside of 
the limits 8/z to 11/4 is absorbed within a kilometer of the earth's 
surface and that air temperature above this level owes its degree 
and distribution largely to re-radiation from the air at lower levels. 

The observed values of noctiunal radiation vary between 0.12 and 
0.20 calories per square centimeter per minute. If the air within a 
kilometer of the earth's surface absorbs 50 per cent of this radiation 
it will absorb heat enough to increase its temperatiure 1° C. in every 
3 or 4 minutes. In order to maintain the observed noctiurnal air 
temperature the radiation from the air of this stratum must itself 
somewhat exceed terrestrial radiation. It is not likely that absorp- 
tion and radiation of heat by the night air of the lower stratum is 
at all so rapid as this. Assimiing it to be so, a very wide variation 
in the rate of absorption and radiation by air in the different strata, 
and by air in a given stratum at different times of day, would be 
needed to explain the observed temperature distribution. It is 
hardly probable that, if more were known of the effect of insolation 
on the air through which solar rays pass, especially of its effect on 
nucleation, an explanation in accord with the above assumption 
could be foimd. 

The fact that in the transition level both the after-noon and after- 
midnight maxima are well defined seems to oppose the idea that 

47148—14 3 
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the after-midnight maximum in the upper stratum is the after- 
noon maximum of the lower stratum, either retarded or accelerated, 
or that re-radiation from the lower stratum plays any important 
part in determining the diunial variation of temperature in the 
upper stratum. 

If the nocturnal barometric maximum is brought about by the 
vibration of the atmosphere as a whole, the question may be raised 
as to whether or not the nocturnal temperature distribution is an 
accompaniment of the pressure distribution. The variation in the 
time of occurrence of the nocturnal temperature maximum, also the 
fact that it is found only in the upper stratum and nearly above the 
minimum temperature of the lower stratum, does not favor this ex- 
planation. Moreover, as will be shown later, it is not easy to make the 
idea of the vibration of the atmosphere as a whole fit the observed 
diurnal variation of the several meteorological elements at different 
altitudes. 

VARIATIONS OF WIND AND PRESSURE 
RELATED TO THOSE OF TEMPERATURE. 

In general it is noted that the highest wind velocities accompany 
the maxima and minima of temperature, or any sharp decrease in the 
rate of increase or decrease of temperature. Changes in wind direc- 
tion are found at the maxima and minima of air pressure. Maxima 
of pressure are in general found to follow somewhat minima of 
temperature and vice versa. This may be explained as follows: 
Any system of inflow or outflow that is started as a result of the 
cooUng or heating, respectively, of a given air mass, will, if this 
cooUng or heating be sufficiently rapid, reach its maximum intensity 
at the time when the rate of temperature-decrease or increase 
falls below a certain value in approaching a minimum or maximum 
of temperature. If the extreme of the temperature in question be a 
minimum, a considerable rise in temperature of the air mass under 
consideration will be needed to check the circulation set up by the 
immediately preceding fall in temperature. At the time this cir- 
culatory system is checked and before, or possibly soon after a 
counter system of circulation has set in, the air pressure will have 
reached its maximum value. The air pressure will continue to rise 
until relieved by the counter system of circulation. In a similar way 
the minimum of air pressure follows the maximum of temperature. 

These interrelations of the temperature, movement, and pressure 
of the air tend to obtain throughout the region explored by the 
24-hour series of kite observations. Conditions in one stratum are 
influenced by those in the other, and the relations are somewhat 
less apparent in the upper stratum than they are in the lower. In 
the absence of other influences the temperature distribution in 
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the lower stratum would cause a maximum of pressure at 8 to 11 
a. m. and a minimum at 3 to 6 p. m. The temperatiu'e distribution 
in the upper stratum would cause a maximum at 8 to 12 p. m. and a 
minimum at 4 to 8 a. m. A secondary maximum and minimum 
appear in the lower stratum at the time the principal maximum 
and minimum tend to appear in the upper and vice versa. In figure 13 
the principal maximum for the day in the upper level is still shown 
near noon. This maximum is but little higher in this level than the 
maximum occurring at about 10 p. m. and in the 3-kilometer level 
the latter is the primary maximum. These secondary maxima 
and the minima together with a possible shift in the position of the 
primary maximum and minimum in the upper stratum represent 
the influence of the conditions in one stratum upon those in the other. 
That the secondary maxima and minima are no more prominent 
than they actually are is observational proof of the fact that hori- 
zontal flow at or but little above the level affected takes care of the 
expansion and contraction of the air accompanying the diurnal 
variation in temperature. 

Computations, based upon the observations made and in accord 
with the above explanation, in those regions where the above relations 
are most apparent not only seem to justify the explanation but also 
to indicate that practically all expansion and contraction of the air 
brought about by the diurnal variation of temperature is taken care 
of by the horizontal flow of air. This is opposed to the idea that 
the atmosphere is set in vibration as a whole and seems to indicate 
that the diurnal variation of pressure and the circulation attending 
it are confined to the comparatively low levels. The idea of atmos- 
pheric vibration as a whole resulting from diurnal variation in tem- 
perature is further opposed by the fact that mean hourly temperatures 
of the air up to the 3-kilometer level show a variation from minimum 
to maximum of only 1.3° C. in the winter half of the year and of 
1.7° C. in the summer half. These mean temperatures are shown 
in Table 1. In view of the fact that there is still a decided diurnal 
variation in temperature at the 3-kilometer level, it seems highly 
probable that mean hourly temperatures to, say, 5 kilometers would 
show but little if any diurnal variation. We shall soon have obser- 
vations of hourly temperatures to greater altitudes, but without 
them and based upon the data up to 3 kilometers it appears that the 
volimae expansion or contraction in the lower of the two strata 
considered would be practically offset by the volume contraction 
or expansion in the upper. It follows, therefore, that if the hori- 
zontal flow did not take care of the diurnal expansion and contraction 
of the air at or very little higher than the levels affected, there would 
stiQ be no vertical movement of the atmosphere as a whole and no 
overflow of air at high levels. 
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Table I. — Mean hourly temperatues of the air between Mount Weather and the S'hilo- 

meter level. 



Half of year. 


1 
a. m. 


2 
a. m. 


3 

a. m. 


4 
a. m. 


6 
a. m. 


6 
a. m. 


7 
a. m. 

•c. 

-1.8 
10.2 


8 
a.m. 


9 
a. m. 


10 
a. m. 

•c. 

-1.8 
10.8 


11 
a.m. 


12 
m. 


6 months winter 

6 months summer 


•c. 

-1.2 
10.0 


•c. 

-1.2 
10.1 


•c. 

-1.1 
10.2 


•c. 

-1.1 
10.0 


•c. 

-1.1 
9.8 


•c. 

-1.3 
9.9 


•c. 

-2.0 
10.5 


•c. 

-2.1 
10.6 


•c. 

-1.7 
10.9 


•c. 

-1.4 
11.0 



Half of year. 


1 
p.m. 

•c. 

-1.1 
10.9 


2 
p.m. 


3 
p.m. 


4 
p. m. 


5 
p.m. 

•c. 

-1.1 
ll.fi 


6 
p.m. 

•c. 

-1.1 
11.3 


7 
p.m. 


1 

8 . 9 
p. m. p. m. 

1 


10 
p.m. 


11 
p.m. 


12 
m'd't 


Means. 


6 months winter. . . 
6 months summer . 


•c. 

-0.8 
11.2 


•c. 

-0.8 
11.3 


•c. 

-1.0 
11.6 


•c. 

-1.3 
10.9 


•c. •(?. 

-1.3 -1.3 
10.6 10.5 


•c. 

-1.6 
10.5 


•c. 

-1.4 
10.3 


•c. 

-1.4 
10.0 


•c. 

-1.3 
10.6 



CONCLUSIONS. 

The above observations seem to indicate that the diurnal con- 
vective system described exercises practically no disturbing effect on 
the atmosphere above the 5 or 6 kilometer level, i. e., above the level 
at which normal atmospheric pressure is half of its value at sea level. 
The heating effect of direct solar radiation on the air of these lower 
levels seems to be small compared with that of terrestrial radiation. 

Other diurnal effects similar to the one described above may 
occur at the upper surface of a cloud layer or in those supposed 
regions of the atmosphere where the constitution of the air is such 
that it absorbs and is heated to a considerable extent by direct 
solar radiation. Such effects are no doubt largely confined to those 
strata of the atmosphere in which the unequal heating occurs. 

One concludes from a study of the above data that the diurnal 
system of convection observed is confined to the lower levels of the 
atmosphere and does not to an appreciable extent affect the atmos- 
phere as a whole, and that upon the diurnal distribution of temperature 
depends largely the diurnal distribution of the other elements observed. 
It is, of course, apparent that the distribution of the other elements 
in turn influences the distribution of temperature. In the region 
explored there are two rather distinct types of diurnal variation 
of temperature. One prevails up to the 1.5-kilometer level (higher 
in summer than in winter), the other above this level. The diather- 
mance of the lower of these two strata seems to control the tem- 
perature variation in both. When the air of the lower stratum ab- 
sorbs a relatively large percentage of terrestrial radiation its tem- 
perature is relatively high and the air temperature of the upper 
stratum relatively low. When the air of the lower stratum transmits 
a relatively large amount of terrestrial radiation its temperature 
is relatively low and the air temperature of the upper stratum rela- 
tively high. Radiation from the air in one part of the region explored 
to that in another part does not seem to have an appreciable effect 
on the diurnal variation of temperature. 
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Fio. 1.— April to September mean curves of the diurnal variatioD at the 526-meter level. 
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Fio. 2.— April to September mean curves of the dimnal variation at the 1.000-meter level. 
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Fio. 9.— October to March mean curves of the diomal variation at the 1,500-meter level. 
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Fkj. 10.— October to March raetm curses of the diumal variation at the 2.000-meter level. 
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13. FREE AIR DATA AT MOUNT WEATHER FROM JULY 3, 1913, 
TO MAY 7, 1914, ON "INTERNATIONAL DAYS." 

By the Aerial Section, Wm. R. Blair, in Charge. 
IDated Koont Weather, Va., Kay 36, 1914.1 

In the following tables the meteorograph records are interpreted 
in such detail that any record can be essentially reproduced from the 
tabulated data. Notes of the weather conditions at the time of 
observation accompany the data obtained in each observation. The 
method of observation is also noted. 

Free-air observations on ''international days" will be interrupted 
during the summer of 1914 pending the removal of the upper air 
work from Mount Weather, Va., and its reestablishment in the Middle 
West. 

Results of free air observations. 



Date and hour. 



iQly 3, 1913: 
1.44 p.m... 
2.04 p.m.., 
2.14 p.m... 

July 10, 1913: 

10.26 a.m.. 
10.40 a.m., 
10.57 a. m., 
11.11a. m.. 
11.13 a.m., 
11.19 a.m., 
11.25 a.m., 

11.29 a.m., 
11.38 a.m., 
12.00 m... 
12.22 p.m. 

12.27 p.m. 

12.30 p.m. 
12.47 p.m. 

1.01p.m. 
1.02 p.m. 
1.04 p.m. 
1.12 p.m. 
1.14 p.m. 
1.19p.m. 
1.34 p. m. 
1.45 p.m. 
1.50 p.m. 



On Mount Weather, Va.. 526 m. 



Pres- 
sure. 



fnin. 
721.0 
720.9 
720.8 

714.4 
714.5 
714.7 
714.7 
714.7 
714.7 
714.7 
714.7 
714.8 
714.8 
714.8 
714.8 
714.8 
714.9 
714.9 
714.9 
714.9 
714.9 
714.9 
714.9 
714.8 
714.8 
714.8 



Tem 
pera- 
ture. 



C. 
26.4 
26.8 
26.6 

22.2 
22.2 
22.0 
22.7 
22.8 
22.7 
22.7 
22.8 
22.7 
22.9 
23.2 
23.2 
23.2 
23.3 
23.2 
23.3 
23.4 
23.5 
23.4 
23.4 
23.8 
23.5 
23.4 



Rel. 
hum. 



p* 

Vo 
65 
66 
66 

76 
76 
74 
69 
68 
67 
66 
65 
64 
62 
57 
57 
57 
67 
58 
59 
60 
58 
57 
56 
59 
56 
57 



wind. 



Dir. 



e. 
e. 

e. 

nw. 

nw. 

nw. 

nw. 

nw. 

nw. 

nw. 

nw. 

nw. 

nw. 

nw. 

nw. 

nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
nw. 
wnw. 
wnw. 
wnw. 
wnw. 



Vel. 



m. p. 8 
6.3 
7.2 
5.8 

10.3 
9.4 
7.2 
9.8 
9.8 
8.9 
9.4 
9.4 

10.7 

10.7 
8.9 
9.4 
8.0 
8.5 
7.2 
7.2 
6.3 
8.0 
8.5 
8.0 
8.0 

10.3 
9.8 



At different heights above sea. 



Height 



m. 
526 
773 
526 

526 
868 
1,209 
1,817 
1,831 
1, 899 
2,357 
2,400 
2,658 
3,314 
3,298 
3,314 
3,321 
3,011 
2,514 
2,450 
2,344 
2,217 
2,057 
1,626 
1,233 
817 
526 



Pres- 
sure. 



mtn. 
721.0 
700.9 
720.8 

714.4 
686.8 
655.2 
613.8 
612.7 
607.6 
575.3 
572.3 
555.0 
512.2 
513.1 
512.2 
511.4 
531.3 
564.5 
568.3 
576.3 
585.2 
596.4 
628.4 
658.5 
691.3 
714.8 



Tem- 
pera- 
ture. 



C. 

26.4 
22.8 
26.6 

22.2 

17.4 

12.5 

9.6 

8.9 

11.7 

9.6 

10.3 

9.4 

-0 

-0 





2 

8.0 

8.0 

8.5 

8.8 

7.5 

9.5 

13.5 

18.5 

23.4 



Humidity. 




/f) 
65 
70 
65 

76 

84 

97 

60 

60 

38 

28 

24 

18 

11 

9 

9 

8 

7 

7 

7 

7 

7 

13 

46 

71 

63 

57 



9/ctf.m 
16.0 
14.1 
16.2 

14.8 
12.3 
10.6 
6.6 
6.2 
3.9 
2.5 
2.3 
1.6 
0.6 
0.4 
0.4 
0.4 
0.4 
0.6 
0.6 
0.6 
0.6 
1.0 
4.2 
8.2 
9.9 
11.9 



Wtod. 


P.D. 







kite 




and 


Dir. 


Vel. 


earth. 


m.p. «. 


VoU*. 


e. 


6.3 




se. 


3.5 




e. 


5.8 




nw. 


10.3 




nw. 


13.1 


6 


nw. 


9.2 





wnw. 


18.5 





wnw. 


18.5 





wnw. 


16.9 


80 


wnw. 


15.5 


265 


wnw. 


13.4 


270 


wnw. 


14.8 


315 


wnw. 


17.7 


425 


wnw. 


15.6 


425 


wnw. 


15.6 


425 


wnw. 


15.6 


425 


w. 




425 


wnw. 




260 


wnw. 




240 


wnw. 




190 


w. 


>•••■•• 


146 


w. 




100 


wnw. 


12.6 





wnw. 


11.1 





nw. 


12.6 





wnw. 


9.8 





July S, 191S. — One kite was used; lifting surface, 8.3 sq. m. Wire out 500 m., at 
maximum altitude. 

There were 3/10 St.-Cu. from the east-southeast. 

A ridge of high pressure with centers (768 mm.) and (766 mm.) over northern 
New York and central Alabama, respectively, extended from Quebec to the Gulf of 
Mexico. Pressure was low (753 mm.) over Manitoba. 

July 10, 1913. — Six kites were used; lifting surface, 37.8 sq. m. Wire out, 6,000 m. ; 
at maximum altitude, 5,250 m. 

5/10 St.-Cu., from the northwest, decreased to 3/10 and changed in direction to 
west-northwest before 11.30 a. m. Thereafter there were from 7/10 to 8/10 Ci.-St. and 
St.-Cu. from the west-northwest. The head kite emeiged from the St.-Cu., altitude 
1,200 m., at 10.58 a. m. Time of entering unknown. 

At 8 a. m. high pressure (768 mm.) was central over Lake Superior. Low pressure 
(753 mm.) was central over the middle St. Lawrence Valley. 
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il dlOemit beighU st 
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14 3 
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14.8 



; used; lifting surface, 35.5 sq. m. 
Thereafter, there were from 9/l0 



Attguil 6. 191S.—FiT»t fiight: Five kites v 
Wire out, 4,000 m. ; at maiimum altitude, 3,300 n 

There was dense and light f(^ before 10.18 a. n 
to 10/10 St.-Cu. from the south ^luLheaat. 

At8a. m. preeaure was high (769 mm.) over the Bermudas. Low pressure {759 mm.) 
was central over northern Miseouri. 

Second fiighl: Six kitee were need; lifting surface, 40.7 sq. m. Wire out, 5,500 m. ; 
at maximum altitude, 4.800 m. 

There were 10/10 St.-Ou. from the Bouth^floutheast. The head kite was in St.-Cu. 
altitude 1,800 m. at 2.14 p. m. and emerged at 2.15 p. m. It entered again at 2.19 
p. m., but time of emerging unknown. Rain began at 4.56 p. m. 

AuguM 7, 19IS.~FirH fiight: TwokiteBweTeuaed] lifting surface, 19.6 sq. m. Wire 
out, 950 m.; at maximum altitude, 750 m. 

I^ere was dense fog. 

At 8 a. m. low preaauie (760 mm.) was central oH the New Jereey coast. High 
pressure (765 mm.) covered Quebec and Ontario. 
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RaulU o/fiet air obnrvation* — Continued. 



Jiaf. T, 1913: 



StmiilligU- 

7.08 p.m.. 
7.31p.m.. 

axp-my. 

BAlp.ni.. 
10.13 p.m. 



lO.&Si 
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I5.S \ lfl.3 
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A 


dlOtraithtliihUBbavesM 
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Wind. 
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■a:* 


81 

70 

73 
93 

83 


11.3 

i.9 
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10. J 
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ex. 
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£.« 

4! 4 

0.8 

8.3 

4.0 
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""so 










vnn'. 
wnw! 




































76 
74 
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02 

«8 
32 

47 

8S 

W 
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0.3 

6.9 


30 

3ta 

030 








too 

10U 


"ioA 





Auffutt 7, 1913. — Setond jiight: Six kites were used; lifting surface, 48.3 sq. m. 
Wire out, 5,200 m.; at maximum attitude, 4,650 m. 

St,-Cu. from the southeast decreased from 3/10 to a few. 

Augutl 8, 191S.— Five kites were used; lifting surface, 42.9 sq. m. Wire out, 4,100 
m. ; at maximum altitude, 3,600 m. 

St.-Cu., which changed in direction from southeast to aouth, increased ^m 4/10 to 
9/10, They also increased in altitude from 1,250 m., at 11.56 a, m,, to 1,600 m., at 
I.OT p. ro. The head kite was in the clouds at 11.55 a. m. and again at 1.07 p. m. 

At 8 a. m. pressure was high (709 mm.) oft the Atlantic coast. Pressure was low 
over Saskatchewan (747 mm.) wLth secondary depreasions over northern Kansas 
(754 mm.) and over the North Carolina coast (764 mm.). 

Oelobtr t, I91S. — Eight kites were used; lifting surface, 60.4 sq. m. Wire out, 
10,000 m.; at maximum altitude, 9,700 m. 

There were from 2/10 to 6/10 A,-Cu. and a few St.-Cu. from the west-northwest 
before 10.10 a. m. After 10.10 a. m. the A.-Cu. decreased and the St.-Cu. increased, 
both kinds changing in direction, until at 11.50 a. m, there were a few A.-Cu. and 
8/10 St.-Cu. from the west. Thereafter the A.-Cu. and the St.-Cu. gradually dis- 
appeared. A, -St,, from the west-southwest; altitude, 4,000 m., appeared before 12.20 
p. m., and increased to 6/10 by 12.50 p. m., when there were also 4/10 8t.-Cu., alti- 
tude 1,850 m. After 1.60 p, m. there were 10/10 St. from the west. A few Ci. from 
the west were noted at 11.61 a. m. Rain began at 1.34 p. m. and continued during 
the remaindn of the flight. 
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Results of free air observations — Continued. 





On Mount Weather, Va.. 526 m. 


At different heights al)ove sea. 


Date and hour. 


Pres- 
sure. 


Tem- 
pera- 
ture. 


Rel. 
hum. 


Wind. 


CTaIoIi * 


Pres- 
jqire. 


Tem- 
pera- 
ture. 


Humidity. 


Wind. 


P. D. 
kite 




Dir. 

wnw. 
wnw. 
wnw. 
wnw. 
wnw. 
wnw. 
wnw. 
wnw. 

sse. 
sse. 

oVv* 

SS6. 

SCO* 

sse. 

se. 

se. 

se. 

se. 

sse. 

se. 

se. 


Vel. 


ueignt 


Rel. 

% 
79 
72 
49 
36 
32 
32 
37 
64 

35 
31 
22 
13 
15 
18 
40 

45 
41 
34 
18 
17 
20 
31 


Abs. 


Dir. 


Vel. 


and 
earth. 


Nov. 5, 1913: 
8.21a.m... 
8.26 a. m . . . 

8.34 a.m... 
9.04 a.m... 
9.25 a.m... 

9.35 a.m... 
tf. 41a.m... 
9.44 a.m... 

Nov. 6, 1913: 

1.55 p.m... 
2.06 p.m... 
2.29 p.m... 

3.56 p.m... 

4.18 p.m... 
4.29 p.m... 
4.32 p.m... 

Nov. 7, 1913: 
10.19 a.m.. 
10.22 a.m.. 
10.29 a.m.. 
12.06 p.m.. 
12.51p.m.. 
1.12 p.m... 

1.19 p.m... 


niTfi. 
723.3 
723.4 
723.4 
723.7 
723.8 
723.8 
723.8 
?23.8 

721.6 
721.6 
721.5 
721.4 
721.4 
721.4 
721.3 

719.9 
719.9 
719.9 
718.8 
718.4 
718.2 
718.2 


C. 

1.0 

1.2 

1.2 

2.1 

2.7 

3.1 

3.4 

3.6 

12.5 
12.9 
12.9 
12.2 
11.7 
11.2 
11.1 

10.4 

ia4 

10.5 
11.4 
13.8 
14.3 
14.8 


% 
79 
76 
76 
72 
70 
09 
65 
64 

35 
28 
37 
39 
34 
39 
40 

45 
45 
45 
47 
37 
31 
31 


m. p. 8. 
13.4 
15.2 
14.3 
11.6 
10.3 
9.8 

ia3 

8.9 

7.6 
6.7 
7.2 
7.6 
6.3 
7.6 
6.3 

6.3 
6.3 
6.3 
8.9 
8.9 
8.9 
10.7 


m. 
526 
644 
901 
843 
1,331 
816 
676 
526 

526 
696 
882 
839 
906 
813 
526 

526 
560 
771 
680 
1,023 
832 
526 


fnifi. 
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October 2, 191S. — At 2 p. m. the kite wire wae struck by lightning, that portion 
between the reel house and about 500 m. out being rendered incandescent by the 
intense heat. At the reel there was a blinding flash of light, and a loud report, accom- 
panied by a shower of sparks and followed by an odor like that of burning powder. 
Wherever the "splice" wires were attached to the main wire, the latter was not 
injured; but the main portion, about 3,000 m., was entirely destroyed. 

At 8 a. m., a well-developed low with depressions over Rhode Island (747 mm.) 
and over Lake Huron (748 mm.) extended from the Middle Atlantic coast to Hudson 
Bay. An extensive area of high pressure (766 mm.) was central over western Kansas, 

November 6, 1913.— Three kites were used; lifting surface, 20.4 sq. m. Wire out. 
1,900 m.; at maximum altitude, 1,450 m. 

There were a few Ci. from the west. 

At 8 a. m. high pressure (774 mm.), central over Ohio, dominated the weather 
conditions of the country except the northwest. 

November 6 J 1913.- — Four kites were used; lifting surface, 28.7 sq. in. Wire out, 
1,800 m.; at maximum altitude, 1,100 m. 

There was a band of dense haz^ five degrees high around the horizon. 

At 8 a. m. high pressure (772 mm.), central over Virginia, dominated weather 
conditions U) the Mississippi. 

NaveinbfT 7, 1913.— Five kites were used; lifting surface, 33.5 sq. m. Wire out, 
3,200 m.; at maximum altitude, 1,650 m. 

Ci. and Gi.-St. from the northwest decreased from 8/10 to 5/10. A solar halo was 
observed at 10.48 a m. 

At 8 a. m. low piessure (748 mm.) was central over southeastern Minnesota. High 
pressure (769 mm.) covered the Middle and North Atlantic coasts. 
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DtrtmbtT 4, !9IS. — Fir»t flight: Five kites were used; lifting suriare, 32.0 sq. m. 
Wire out, 4,9!>0m.; at ma xi mum altitude, 4.350 m. 

Ci., A.-Cu., and A. -St. from the north -northwest varied frrim a tew to 9/10. 

At 8 a. m. high pressure (773 mm.) was central over Wyoming. Prenure was low 
(74'1 mm.) -iver Newfoundland. 

Second flight: Five kites were used ; lifting surface, 28.5 sq. m. Wire out, 8,000 m. ; 
at maximum altitude. * 

Ci., A.-Cu., and A. -St. from the north -northwest varied (roin 1/10 to 9/10. A lunar 
corona was observed at 5.50 p. m. 

At 8 a. m. high pressure (773 mm.) was central over Wyoming. Prewire wae low 
(744 mm.) over Newfoundland. 
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January 9, 1914~Five kites were used; lifting surface, 31.5 eq. m. Wire out, 
5,000 m., at maximum altitude. 

There were 10/10 St.-Cu. from the west. The head kite was at the base of the 
clouds, altitude 2,150 m,, at 1.40 p. m. It entered the clouds about 1.46 p. m. and 
emerged at 2.42 p. m. It entered again at 3.15 and emerged at 3.17 p. m. The cloud 
level decreased in altitude from 2,200 m. at 1.46 to I,G50 m. ftt 3.03 p. m., but increased 
thereafter to 1,750 m. before 3.15 p. m, 

AtSa. m. low pressure (741 nun.) central over Lake St. Clair, dominated the weather 
conditions over the eastern half of the country. 

February t, ;SU.— Five kites were used; lifting surface, 348q. m. Wireout, 4,200m. 
at maximum altitude. 

There were a few to 1/10 Oi. from the west. 

At S a. m. an OKtensive area of high pressure, with centers over Pennsylvania 
(775 mm.) and over eastern Ontario (775 mm.), extended from the Carolinas to Uudson 
Bay. Low pressure with depressions over western Iowa (756 nun.) and over southern 
Kansas (758 mm.) extended from Texas to Minnesota. 
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February 3. 1914.— Five Icitea wei 
4,600 m,; at maiimum altitude, 3.660 m. 

There were 10/10 A.-St., St.-Ou. and St. from the west-Boutliwest. 

At g a. m. prewure was low (759 mm.) north of hake Iluron. High preesure 
(775 mm.) wan central over western North Dakota, 

Frbruary^, /9'.4.— Six kites were used; lifting BurFace, 34.g sq. m. Wire out, 10,000 
m.; at maximum altitude, 9.S50 m. 

7/10 St.-Cu., from the west, at the beginning of the flight decreased to a few; Ci., 
from the west, appearing about 10 a. m. increased to 6/10. The head kite waa at the 
base of the St.-Cu., altitude 1,750 m, at 9.04 a. m. and in the clouds at intervals about 
9.10 a. m. 

At 8 a. m. low pressure {756 mm.) was central over southern Quebec. Pressure was 
hii*h (775 mm.) over central Alberta and Saskatchewan with a secondary elevation 
(770 mm.) over eastern Iowa. 

February 7, 1914- — Four kites were used; lifting surface, 21.3 sq. m. Wire out, 
4,900 m., at maximum altitude. 

There was 1/10 St.-Cu. from the west-sou th west. 

At 8 a. m. low pressure (739 mm.) was central over eastern Ontario. High pressure 
(773 mm.) was central over central Oklahoma. 
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March 4, 19I4.~FvH flight: Two kites were used; lifting aurtace, 12.6 eq. m. Wire 
out, 1,270 m., at maitiniuni altitude. 

There were 10/10 Rt.-Cu. from the west. 

At S a. m. preaaure was low (743 mm.) over the Grand Banks and relatively high 
(766 mm.) over Illinois. 

Second fiighl: I''ive kites were used; lifting surface, 26.5 sq.m. Wire out. 6,500 m. ; 
at maximum altitude, 6,350 m. St.-<;u., from the west, decreased from 4/10 to 2/10 

March 5, /fl/*.— Six kites were used; lifting surface, 37.8 sq. m. Wire out, 6,400 
m.; at maximum altitude, 5,650 m. 

There were 10/10 St. from the scmthwest until 12.15 p, m.; thereafter, dense log. 
Light fog, from the southeast, at the begiuning of the flight, eomii^ and going at 
irregular intervals, became deniie at 12,15 p. m. Light snow fell after 10.43 a. m. 
The head kite was in the clouds, altitude 1,900 m., at intervals about 10.17 a. m- 
It entered finally at 10,33 a. m. The kites and wire were heavily coated with frost- 

At 8 a. m. an eitenrive area of low pressure, with centers over western Florida 
(755 mm.) and over eastern Minnesota (751 mm.), extended from the Gulf of Mexico 
to Canada. Pressure was high over eastern Ontario (765 mm.) and over New Jersey 
(765 mm.). 
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Results of free air observations — Continued. 
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April 2, 1914- — First flight: Two kites were used; lifting surface, 12.6 sq. m. Wire 
out, 4,100 m.; at maximum altitude, 3,400 m. 

There were 10/10 St.-Ou. from the west. The head kite entered the St.-Cu., alti- 
tude 1,500 m., at about 8.53 a. m.; time of emerging unknown. 

At 8 a. m. low pressure (741 mm.) was central off the southern New Brunswick 
coast. High prensure (775 mm.), central over eastern Alberta, covered the Missouri 
valley. 

Second flight: Three kites were used ; lifting surface, 15.9 sq. m. Wire out, 4,350 m. ; 
at maximum altitude, 3,000 m. 

There were 10/10 St.-Cu. from the west. The head kite entered the clouds, alti- 
tude 1,800 m., at 11.29 a. m. 

May 7, 79i^.— Four kites were used; lifting surface, 22.3 sq. m. Wire out, 4,100 
m., at maximum altitude. 

Before 10 a. m. there were 8/10 A.-St. from the northwest; thereafter, 4/10 Ci.-St. 
and 4/10 A.-St. from the northwest. A solar halo was observed at 10.15 a. m. 

High pressure (764 mm.) was central over Oliio and low pressure (758 mm.) was cen- 
tral over Wisconsin. 



14. GENERAL INDEX. 

BTTIiLETIN OF THE MOUNT WEATHER OBSEBVATOBY, VOLUMES 

1 TO 6. 

A[bbe], C[levelaiid]. Does the zodiacal light come from any part of the earth's 

atmosphere? 6, 78 

Abbe, Cleveland, jr., trans. See Kassner, Misleading names for winds. Sand- 
strom, Atmospheric studies. 

Actine, unit of radiation, defined 3, 72 

Actinometer, Herschel's 3, 72 

bibliography of 3, 118 

A6rological apparatus at Mount Weather, Va 1, 12; 4, 187 

congress, Vienna, 1912, referred to 2, 143 

Monaco, report on 2, 136 

methods, at Mount Weather, Va 1, 12; 4, 185 

observations, form of publication 2, 138 

used in forecasting 1, 58 

dynamic studies 5, 102 

Aerology, bibliography of 2, 143; 3, 163, 226 

Aeronautics, International Commission, Monaco, 1909 2, 136 

Air drainage at Mount Weather, Va 6, 118 

Air movements, sinuous or oscillatory 3, 286 

Alaska, volcanic eruption of 1912, effects of 5, 165, 295; 6, 38 

Albedo, earth's, average total 2, 289 

Aleutian low 4, 13 

Aparktias wind, mentioned 2, 310 

Aqueous vapor, see Water vapor. 

Arago's point, shifted by dust layers 4, 397; 5, 312 

Arc spectra, anode vs. cathode 1, 140 

effects of pressure on 3, 1 

Argentine meteorological station on South Orkneys 3, 165 

Arithmetic mean, principle of 5, 220 

Atmosphere 2, 299 

circulation of 3, 151, 229 

composition of 2, 348 

vertical variation 2, 66 

density, by latitude and altitude 3, 160 

lower turbulent 2, 3 

mass 2, 305 

planetary, loss of 2, 352 

theory of, Stoney's 2, 306 

pressure of, by latitude and altitude 3, 158 

change, by latitude and altitude 3, 160 

temperature, by latitude and altitude 3, 158 

upper 2, 3, 346; 4, 402 

knowledge of, sumQiarized 4, 408 

light-intensities from 4, 406 

mass-density of 4, 406 

253 
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Atmospheric electricity, potentials at Mount Weather, Va 5, 25, 30 

layers, " black body " 2, 16 

diathermanous 2, 16 

selectively absorptive 2, 16 

polarization, ste Polarization, Skylight, etc. 

regions 2, 2 

transmissibility curve 1, 210 

Mount Wilson, Cal 1, 214 

variations in 3, 110 

Washington, D. C 1, 214, 223; 3, 114 

velocities, by latitudes and altitudes 3, 160 

Aurora, altitude of, new method for measuring 3, 233 

olMservations of, Mount Weather, Va., 1908 1, 232 

photographs of 3, 233 

theories of 1, 235 

and magnetic disturbances 1, 232; 2, 19 

Babinet's iK)int, shift in, due to dust 4, 397; 5, 312 

Balloons, sounding, construction improved 2, 137 

detaching device 2, 138 

triangulation of 2, 140 

Barometric wave in Kansas 4, 23 

recorded by interferometer barograph 4, 1 15, 1 19 

Bateman, H. Dynamic meteorolog>'' [Review] 5, 319 

Bersou's aerological expedition to East Africa, results. . .^ 2, 141 

Bibliography of aerology 2, 143; 3, 163, 226 

Broun*8 law 2, 373 

solar radiation 3, 118 

Bigelow, Frank Hagar. Studies on the general circulation of the atmos- 
phere 3, 151,229 

Black body, radiation and temperature of 2, 125 

spectrum and temperature of 2, 125 

temperature of 2, 125 

Blair, William Richards: 

Change of phase due to the passage of electric waves through thin plates and 
the index of refraction of water for such waves, with applications to the 

optics of thin films and prisms 1, 65, 161 

Diurnal system of convection. A summary of the free-air data obtained 

at Mount Weather for the year July 1 , 1912, to June 30, 1913 6, 221 

Free balloon ascensions at Omaha and Indianapolis, Sept. 25 to Oct. 12, 

1909 3, 127 

Kite for use in high winds 1, 99 

Methods and apparatus used in obtaining upper-air observations at Mount 

Weather, Va 1 , 12 

New kite reel 2, 237 

Sounding balloon ascensions at Indianapolis, Omaha, and Huron 4, 183 

Storm depth, rate of movement, and intensity 2, 72 

Summary of the free-air data at Mount Weather for the three years, July 1, 

1907, to June 30, 1910 4, 25 

Summary of the free-air data obtained at Mount Weather Va., for the five 

years from July 1, 1907, to June 30, 1912 6, 111 

Upper air data. Summary for the year July 1, 1907, to June 30, 1908 2, 145 

Blair, W. R., & Ross, L. C. Stationary clouds to the leeward of hill and 
mountain ranges 2, 75 
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Blue Hill, Maas., visibility at 5, 231 

winds at 5, 370 

Bora, Boreas, wind name, origin of 2, 312 

Bouguer's law of absorption 2, 130 

Brewster's point 4, 397 

Broun*B law, upper winds 2, 367 

Busch ds Jensen. **0n the facts and theories of atmospheric polarization," 
reviewed by H. H. Kimball 4, 414 

Callendar recording pjrrheliometer 3, 97 

Centers of action, formation of 3, 156 

high, velocity in the United States 2, 200 

high and low, velocity, periodic variations in 2, 193 

low, velocity in the United States 2, 198 

Chandler, Charles Lyon. Argentine meteorological station in the South Orkney 

Islands 3, 165 

Circulation of a closed curve, defined 5, 108 

Cirrus, see False cirrus. 

Climate, changes in, factors producing 6, 1 

Cloudiness, levels of maximum and minimum 4, 18 

maximum, Arrhenius's theory 4, 18 

Clouds, cumulus, uprushes in 5, 227 

echelon 4, 409 

influence on insolation distribution 5, 166 

stationary in lee of mountains 2, 75 

Comets, see Halley's comet. 

Condition, atmospheric, changes in 5, 87 

Congress, aerological, Monaco, 1909 2, 136 

Vienna, 1912, mentioned 2, 143 

Convection, limits of and V. T. G 4, 15, 204 

Craig, James Ireland. Changes of atmospheric density in storms 4, 203 

Crehore, Albert C, <k Squier, George O. Waves of pressiure in the atmosphere 

recorded by an interferometer barograph 4, 115 

Crova distinguishes pyrheliometer from actinometer 3, 73 

Cyclones, rotation of, upper limit 2, 140 

Daily changes in temperature up to 4,000 meters 5, 1 

Davis, R. O. E. Haze of the upper atmosphere 5, 313 

Density of air, in storms 2, 203 

Desain's principle and the VioUe-Savilief actinometer 3, 78 

Dilatation of air, in storms 2, 204 

Dodd, Edward L. Is the average of measurements the best approximation for 

the true value or normal value? 5, 219 

Dust layers, atmospheric and sky polarization 4, 397 

volcanic, and climatic changes 6, 1 

and terrestrial radiation 6, 12 

Dynamic phenomena of the atmosphere, aerologic observations and the study of. 5, 102 

Earth, albedo of 2, 289 

radiation zones of 4, 127 

Earth temperatures, see Soil temperature. 

Easterly winds at Blue Hill, Mass 5,39 

Energy transformations in the atmosphere 5, 93 

Exner, Felix M., A Trabert, W. "Dynamische Meteorologie " in Encyklop. 
d. math. Wiasensch., reviewed by H. Bateman 5, 319 
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False cirrus, unusual 2, 133 

Field, magnetic, of a straight wire 1, 96 

Fog, barometric, at Point Reyes Light, Cal 4, 309 

at Blue HQl, Mass 5,238 

Forecasts, a^rologic data as aids to 1, 58 

improving 3, 235 

Gases, distribution of, in atmosphere 2, 66 

kinetic theory of, applied to the atmosphere 2, 306 

molecular theory of, applied to the atmosphere 2, 300 

Gaussian law of error probability 5, 220 

Glacial periods, theories of 6, 2 

Glide vortex, defined 5, 110 

variation of intensity 5, 118 

Gold, Ernest. Periodic variation in the velocity of the renters of high and low 

pressure 2, 193 

Gold's theory of radiation equilibrium 2, 348 

Gradient, V. T. G., dry adiabatic 2,7 

storm and seasonal differences 2, 7, 183 

positive when decrease upwards 2, 138 

and convection limits 4, 15 

Gregg, Willis R. : 

Auroral displays and magnetic disturbances at Mount Weather during 

September, 1908 2, 19 

Recent auroral displays and magnetic disturbances 1, 232 

Hall, Maxwell. Zodiacal light 6, 61 

Halley's comet and atmospheric phenomena 2, 279; 3, 241 

Haze, see dUo Turbidity. 

Haze of June 10-11, 1912 5, 16i 

upper atmosphere 5, 313 

and precipitation, Blue Hill, Mass 5, 232 

wind. Blue Hill , Mass 5, 237 

Henry, Alfred J. 

Changes of the wind with altitude 2, 357 

Oonstniction of a Weather Bureau kite 2, 227 

Daily changes in temperature up to 4,000 meters 5, 1 

Recent building operations at Mount Weather, Va 2, 225 

Temperature at Mount Weather and adjacent valley stations. 4, 310 

Temperature inversions at the Mount Weather Observatory 1, 143 

Use of upper air data in weather forecasting 1, 58 

Variations of temperature and pressure at summit and ba^e stations in the 

Rocky Mountain region 3, 201 

Variations of temperature at summit and base stations in the central Rocky 

Mountain region 4, 103 

Vortical temperature gradients between Mount Weather, Va., and valley 

stations 6, 35 

Vertical temperature gradients in Hawaii 4, 305 

Herrmann, su von Herrmann. 

Highs, permanent ocean, origin of 4, 1 

belts, irregularities in 4, 8 

Humidity, of upper air, over United States 4, 193 

relation to fog, haze, visibility at Blue Hill, Mass 5, 231 

and winds at Blue Hill, Mass 5,241,242 
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Humphreys, William Jackson. 

Aleutian and Icelandic lows 4, 13 

Amount and vertical distribution of water vapor on clear days 4, 121 

Atmospheric phenomena and Halley's comet 2, 279 

Certain laws of radiation and absorption and a few of their applications 2, 109 

Distribution of gases in the atmosphere 2, 66 

Dust layers in the atmosphere and changes in the neutral points of sky 

polarization 4, 397 

Earth's radiation zones 4, 129 

Echelon clouds ^ 4, 409 

Height and temperature of the isothermal r^ion at different latitudes and 

under different conditions 4, 136 

Isothermal layer and the temperature of the earth 2, 286 

Latitude effect on the temperature and height of the upper inversion 2, 292 

Levels of maximum and minimum cloudiness 4, 18 

Luminous particle a strong magnet, and the consequent pressure shift of 

spectral lines 1, 135 

Note on the difference between anode and cathode arc-spectra 1, 140 

Note on the interpretation of Laine*8 rainbow observations 2, 375 

Note on the magnetic field due to an electric current in a straight wire. . . 1, 96 

Note on the movement of moisture in soils I, 94 

Note on the temperature of the isothermal region 2, 70 

On the diurnal variations of atmospheric pressure 5, 132 

On passing through the tail of Halley's comet 3, 239 

On violent uprushes in cumulus clouds 5, 227 

Origin of the permanent ocean highs 4, 1 

Some effects of heavy pressure on arc spectja 3, 1 

Unusual display of false cirrus 2, 133 

Upper atmosphere 4, 402 

Vertical temperature gradients and convection limits 4, 16 

Vertical temperature gradients as modified by seasons and by storm con- 
ditions 2, 183 

Vertical temperature gradients of the atmosphere, especially in the region 

of the upper inversion 2, 1 

Volcanic dust and other factors in the production of climatic changes and 

their possible relation to ice ages 6, 1 

Hmx)n, S. Dak., sounding balloon ascensions at, in 1910 4, 183, 231 

Ice ages, see Glacial periods. 

Icelandic low 4, 13 

Incandescence, radiation by 2, 112 

Index of refraction of water for electric waves '. 1, 65, 161 

Indianapolis, Ind., sounding balloon ascents — 

1909 3, 1 27, 146 ; 4, 183 

1910 4, 183 

1911 4, 183 

Insolation, distribution, influence of clouds on 5, 166 

increase with elevation 6, 107 

Interferometer barograph 4, 115, 119 

International radiotelegraphic conference, London, 1912 5, 224 

Inversion, morning 2, 6 

temperature, at Mount Weather, Va 1, 143 

upper, see Isothermal layer. 
Isallobars 3, 301 
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Isobaric regions 3, 295 

Isobars, axes of, and weather 3, 296 

types, of, referred to 3, 295 

Isogonics, for wind directions 3, 290 

Isothermal layer, barometric effect of 2, 16 

cause of 2, 8; 4, 203 

defined 2, 4 

Gold's theory of 2, 348 

Humphreys's theory of 2, 17 

latitude effect on temperature and height of 2, 292; 4, 134, 136 

seasonal variations in 2, 16 

temperature of 2, 70 

and height of, related to radiation 4, 136 

cirrus clouds 4, 139 

winds in 2, 140 

and the temperature of the earth 2, 286 

Jeans, James Hopwood, upper atmosphere 2, 347 

Jennings, Thorp Buttolph, barometric wave in Kansas 4, 23 

Jones, James, diurnal variation of pressure at Point Reyes Light, Cal 4, 307 

Kassner, Carl, misleading names for winds 2, 309 

Katmai, eruption of 1912 — 

And skylight polarization 5, 295; 6, 38 

And pyrheliometric values 5, 295; 6, 15 

And haze of 1912 5, 165 

Key West, Fla., pressures, hourly, 1891-1904 5, 132 

Kimball, Herbert Harvey: 

Change in skylight polarization 6, 38 

Dense haze of June 10-11, 1912 5, 161 

Effect of the atmospheric turbidity of 1912 on solar radiation intensities and 

skylight polarization 5, 295 

Pyrheliometer and polarimeter observations — 

Comparison of pyrheliometers 1, 83 

Reduction of pyrheliometric observations. . , 1, 207 

Relation between sky polarization and the general atmospheric ab- 
sorption 2, 55 

Further study of the relation between sky polarization and atmos- 
pheric transmissibility 2, 214 

Relation between solar radiation intensities and the temperature of the 

air in the Northern Hemisphere in 1912-13 6, 205 

Review of Busch & Jensen "On the facta and theories of atmospheric 

polarization " 4, 41! 

Solar radiation, atmospheric absorption, and sky polarization at Wash- 
ington, D. C 3, 69 

Observation on the increase of insolation with elevation 6, 107 

Kimball, Herbert H. & Miller, Eric R.: 

Influence of clouds on the distribution of solar radiation 5, 166 

Solar radiation intensities at Madison, Wis 5, 173 

Kinetic theory of gases, applied to the atmosphere. 2, 306 

Kite, Weather Bureau: 

Construction of 1, 12; 2,227 

For different winds 2, 227 

High wind 1,99; 2,227 
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Kite flights, results of, Mount Weather, Va. : 

1907, June-Sept 1, 20 

Oct-Dec 1, 102 

1908, Jan.-Mar 1, 177 

Apr.-June 1, 251 

July-Sept 2, 27 

Oct-Dec 2, 83 

1909, Jan.-Mar 2, 158 

Apr.-June 2, 241 

July-Sept 2, 315 

Oct.-Dec 2, 380 

1910, Jan.-Mar 3,41 

Apr.-June 3, 171 

July-Sept 3, 247 

Oct.-Dec 3, 308 

1911, Jan.-Mar 4,67 

Apr.-June 4, 145 

July-Sept 4, 350 

Oct.-Dec : 4, 422 

1912, Jan.-Mar 5,33 

Apr.-June 5, 186 

July-Sept 5, 257 

Oct.-Dec 5, 382 

1913, Jan.-Mar 6,41 

Apr.-June 6, 85 

July-Dec 6, 244 

Summary, 1907-1913 6, 111 

1914, Jan.-May 6, 249 

line's rainbow observations 2, 375 

Light, pressure of 2, 117, 130 

Luminescence 2, 111 

Luminous particle, magnetic nature of 1, 135 

McAdio, Alexander George. Improving the forecasts 3, 235 

Madison, Wis. , solar radiation intensities at 5, 173 

Meteorographs, Mount Weather 1, 12 

new Hergesell 2, 138 

ventilation, artificial 2, 137 

Meteorology, dynamic 5, 319 

problems in 5, 328 

Miller, Eric Rexford. Magnetic declination [at Mount Weather, Va., 1907-8]. . 1, 237 
Miller, E. R., see also Kimball, H. H., and Miller, E. R. 

Mistral in Algiers 2, 309 

Moisture, see Soil moisture. 

Monaco, aerological congress at, 1909, April 2, 136 

defines a positive V. T. G 2, 138 

votes complete observations at 7*, G. M. T. . . 2, 140 
votes pilot balloon observations thrice daily 

during international flights 2, 140 

votes observations on state of sky during inter- 
national flights 2, 140 

Moore, Willis Luther. Origin and the piu-pose of the Mount Weather observa- 
tory 1, 7 

47148—14 5 
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Mount Weather, building operations at 2, 226 

administration building burned, 1907 2, 9 footnote. 

free air observations at, see Kite flights, results of. 

magnetic observations at 1, 237 

pyrheliometric observations at 1, 226, 226, 228; 5, 304; 6, 107 

temperature changes, daily, up to 4,000 meters 5, 1 

winds at 2, 358 

Mount Weather and valley stations, temperatures at 4, 310; 6, 36, 118 

insolation compared 6, 107 

Myer, Gen. Albert J., policy of 2, 196 footnote. 

Noctilucent clouds, nature of 4, 400 

Normal value, best approximation for 5, 219 

Nucleation, experiments in, by W. R. Blair 4, 206 

Observations, upper-air, to be made at 7 a. m., Greenwich time 2, 139 

Ocean highs, permanent, origin of 4, 1 

Omaha, Nebr., sounding, balloon ascensions at: 

1909 3, 127:4, 183,213 

1910 4, 183,226 

1911 4, 183,251 

Ozone, influence of, in upper atmosphere 2, 295 

Palazzo, expedition by, results mentioned 2, 141 

Palmer, Andrew H.: 

Atmospheric humidity as related to haze, fog, and visibility at Blue Hill, 

Mass 5, 231 

Certain characteristics of easterly winds at Blue Hill Observatory 5, 369 

Photographs, meteorological, collected 4, 143 

Pilot balloons, thrice-daily ascents, July, 1909 2, 140 

Planck's general equation of radiation 2, 129 

Planetary atmospheres, loss of 2, 352 

Point Reyes Light, Cal. , pressure variation at 4, 307 

barometric fog at 4, 309 

Polarimeter observations li 83; 2, 55 

Polarization of sky light 2, 220; 3, 114; 4,397; 6,38 

changes in 6, 38 

diurnal variations 2, 58 

at Mount Weather, Va., 1912 5, 162, 295, 312 

and absorption, atmospheric 2, (K); 3, 114 

bibliography 3, 120 

Precipitation, relation to storm path 2, 206 

Pressure, absolute units of, recommended 2, 139 

diurnal variation, causes of 5, 148, 132 

at Point Reyes Light, Cal 4, 307 

mountain and base stations 3, 201 

and temperature, synchronous changes in 3, 208 

and wind 3, 276 

Pressure wave, see Barometric wave. 

Prevost's theory of heat exchange 2, 1 12 

Probability, theory of 5, 220 

Problems in meteorology 5, 328 

Publication of aerological ohsi^rvations, form of 2, 138 

Pyrheliometer, Angstrom's 3, 79 

bibliography of 3, 118 

Calleudar's recording 3, 97 
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Pyrheliometer, Marvin's 3, 81 

Pouillet*8 3,72 

Pyrheliometer compariflons 1,85,88; 2,214; 3, 81,97; 6,109 

obaervationB I, 83, 207 ; 2, 55, 216 ; 3, 85 

equations 3, 73 

reduction 1, 207 

Radiant eneigy, absorption of 2, 113 

by flames * 2, 114 

Radiating surface, effective 4, 399 

Radiation and absorption, bibliography of 3, 121 

by dry air 2, 191 

by dust 6, 1 2 

by mountain air 2, 191 

laws of 2, 1 09 ; 4, 209 

equilibrium in the atmosphere. Gold's theory 2, 348 

Radiation, general equation of, Planck's 2, 129 

intensity of, at different stations 3, 100 

function of refractive index 2, 121, 131 

and turbidity of, 1912 5, 295 

observations, methods ..'. 3, 73 

perfectly diffused 2, 118 

Stefan-Boltzmann law of 2, 124 

total from a black body 2, 123 

gray body 2, 124 

transmission of, single wave-length 2, 115 

multiple wave-length 2, IIG 

Wien's law, displacement 2, 131 

zones of, terrestrial 4, 128 

Rainbow, Laine's observations of 2, 375 

Rainfall, see Precipitation. 

Reel, Marvin kite-reel 1, 13 

Marvin-Blair kite-reel 2, 237 

Regions, »ee Atmospheric regions. 

Richardson, 0. W., quoted on pressure shift 1, 135 

Rocky Mountains, variations of temperature and pressure at mountain and base 

stations in 3, 201 

Roever, William H. Design and theory of a mechanism for illustrating certain 

systems of lines of force and stream lines 6, 195 

Ross, L. C, see Blair, W. R., dc Ross, L. C. 

Rotch, Abbot Lawrence, Aerological congress at Monaco 2, 136 

on balloon ascensions at sunset 2, 139 

on sounding balloons in America 2, 142 

on uniform method of publication 2, 138 

Rykatchef, M. A., aerological observations in Russia 2, 141 

"S" surface, altitude and temperature of, in United States 4, 200, 303 

Sandstrdm, J. W. 

Atmospheric studies 5, 83-131 

On the relation between atmospheric pressure and wind 3, 275 

Sea and land breeze, circulation in 5, 90 

Sea breeze at Blue Hill, Mass 5, 369 

Shaw, W. N., & Lempfert, R. G. K., "Life history of surface air currents " 

discussed 2, 204 



262 BULLETIN OF THE MOUNT WEATHER OBSERVATORY. 

Skylight, polarization, BuBch & Jensen on, reviewed 4, 414 

changes in 6, 38 

June 8-12, 1912, at Mount Weather 5, 162 

and atmospheric absorption 2, 55 

and dust layers 4, 397 

Soil moisture, movement of 1, 94 

temperatures at Mount Weather, Va 5, 257, 381 

Solar constant, bibliography of 3, 121 

computations of 1, 219,222,227; 2, 221; 3, 103 

variations in 3, 109 

Solar spectrum, enei^ curve 1, 210 

South Orkneys, meteorological station on 3, 166 

Spectral lines,* pressure shift of, explained 1, 135 

studied 3, 1 

Spitzbergen, aerological station on, desirable 2, 142 

Squier, George 0., see Crehore, Albert C, & Squier, G. O. 

Stefan-Boltzmann law, defined 2, 123, 131 

Stewart-Kirchoff law, defined 2, 120 

Stormer, Carl. Photographs of the aurora borealis and a new method of 

measuring its altitude 3, 233 

Stoney, G. J., kinetic theor>' of planetary atmosphere 2, 306 

Storms, atmospheric density in 2, 203 

depth 2,72 

intensity 2, 72 

movement, rate of 2, 72 

Sun spot numbers for 1901-1912 5, 365 

Sun spots and temperatures 6, 23 

Stratosphere, see also Isothermal layer. 

defined 2, 141 

winds in 2, 140 

Sweden, air movements in the mountains of 5, 83 

Talman, Charles Fitzhugh: 

Meteorological photographs 4, 143 

Recent publications relating to aetiology 3, 163, 226 

Temperature, daily changes in, up to 4,000 meters 5, 1 

free air, over the United States 4, 189 

mountain and base stations 3, 201 ; 4, 103, 114, 310 

variations and sun spots 6, 24 

vertical gradient 2, 1, 183 

in cumulus clouds 5, 228 

in Europe 2, 183 

in Hawaii 4, 305 

at Mount Weather, Va 4, 316, 329; 6, 35 

in Rocky Mountains 3, 204; 4, 113 

in storms 2, 188 

in United States 4, 302 

seasonal 4, 299 

and pressure, synchronous changes in 3, 208 

Teneriffe, peak, effect on local winds 2, 142 

new observatory on 2, 142 

Thunderstorm, approach indicated 3, 298 

mechanics of 3, 298 

vortex threads in : 5, 118 
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Tornado, SandBtrom^s theory of 5, 113 

unit vortices in 5, 113 

vortex threads in 5, 114 

Wegener's theory of 5, 113 

Troposphere, defined 2, 141 

temperature gradients in 2, 2 

True value, best approximation for - 5, 219 

Turbidity, atmospheric, see also Haze, Visibility, etc. 

of 1912 5,295; 6,205 

U nits, absolute, recommended by K6ppen 2, 139 

used by Great Britain in 1909 2, 139 

Upper air observations. Mount Weather, Va., see also Kite flights — 

1907, Oct.-Dec 1, 

1908, Jan -Mar 1, 176 

Apr.-June 1, 2460 

July-Sept 2, 24 

Oct.-Dec 2, 78 

1909, Jan.-Mar 2, 152 

Apr.-June 2,239 

July-Sept 2,312 

Oct.-Dec 2,377 

1910, Jan.-Mar 3,39 

Apr.-June 3, 168 

July-Sept 3, 245 

Oct.-Dec 3,304 

1911, Jan.-Mar 4, 65 

Apr.-June 4, 144 

July-Sept 4,342 

Oct.-Dec 4,416 

1912, Jan.-Mar 5, 19 

Apr.-June 5, 184 

July-Sept 5, 247 

Oct.-Dec 5, 372 

1913, Jan.-Mar 6,40 

Apr.-June 6, 81 

July-Dec 6, 244 

Annual summary 6, 221 

1914, Jan.-May 6, 249 

Summary, 1907-1913 6, 111 

Visibility at Blue Hill, Mass ^ 5, 242 

Volcanic dust and climatic changes 6, 1 

Von Herrmann, Charles F. 

Elementary problems in meteorology (2d series) 5, 328 

Velocity of the centera of high and low pressure in the United States 2, 196 

Vortex filament, defined 5, 108 

of a rotating earth 5, 112 

line, defined 5, 108 

movements of the atmosphere 5, 107 

unit 5, 108 

Washington, D. C., observations, pyrheliometric 1, 208, 211, 221, 228; 3, 69; 5, 302 

Water vapor, amount and vertical distribution on clear days 4, 121 

and visibility 5, 231 



264 BULLETIN OF THE MOUNT WEATHER OBSERVATORY. 

Waves, see also Barometric waves. 

atmospheric 5, 85 

electric, passage through thin plates 1| 65j 161 

Wien's displacement law 2, 131 

Wilson, James. Announcement 1, 3 

Wind, atmospheric pressure and 3, 275 

direction change with altitude 2, 357 ; 4, 114 

frequencies, at Blue Hill, Maes 5, 370 

isogenics 3, 290 

easterly, see Easterly winds. 

names, misleading 2, 309 

velocity, increase with altitude 2, 373 

and humidity, at Blue Hill, Mass 5, 241 

Wire, magnetic field of 1, 96 

Wolfer, A. Wolf-Wolfer system of relative sunspot numbers for the years 1901- 

1912 5,365 

Woodward, Robert Simpson. The Atmosphere 2, 298 

Zodiacal light, observations of, in Jamaica 6, 61 

and the earth's atmosphere 6, 78 



DISCONTINUANCE OF THE BXJIiLBTIN. 

This Bulletin of the Mount Weather Observatory ends with part 5 
of volume 6. By order of the Secretary of Agriculture it will be merged 
with the Monthly Weather Review and its supplements. 

The research work of Mount Weather Observatory will be continued 
after July 1, 1914, at other points more favorably located for studying 
the circulation of the atmosphere over the United States. 



COBBIGENDA, BULLETIN OF MOUNT WEATHEB OB8EBVATOBY, 

VOLS. 1 TO 6. 

Volume 1, 1908: 
[No important errors discovered.] 

Volume 2, 1909: 

Page 42, table, column 1, under Aug. 17, 1908, for '*a. m." read '*p. m." 
Page 48, table, column 1, under Sept. 8, 1908, lor '*p. m." read '*a. m." 
Pages 55-56, omit the six lines at bottom of page 55 and the first seven lines of page 
56, and substitute: '*0f propagation of the beam and parallel to the plane of vibra- 
tion of the ray scattered. Suppose the vibrations in a ray propagated in the direction 
of 10 to be parallel to OP: the scattering will be symmetrical about OP as an axis, 
being zero in the direction of OP, and reaching a maximum 90° from it. Similarly, 
any other ray propagated in the direction 10 will be scattered symmetrically about 
an axis perpendicular to 10 and parallel to its path of vibration. The vibrations of 
any one of these scattered rays will be in a plane containing the corresponding axis 
of symmetry and the ray itself. But since in a beam of unpolarized light the vibra- 
tions occur in all planes that pass through the direction of propagation, there will in 
this case result a symmetrical scattering about 10 as an axis, with complete j)olari- 
zation in the plane APB, diminishing to zero polarization 90° from this plane." 
Page 302, line 9 from bottom, for '* statistical" read "statical." 

Vohime 3, 1910: 

Page 229, first paragraph, line 2, for " Wein-:^anck " read '*Wien.Planck." 
Page 234, line 5, for '*166 kilometers" read **96 kilometers." 

Volume 4, 1911: 

Page 61, for "Fig. 22 at 1,000" read "Fig. 24 at 3,000"; for "Fig. 21 at 526" read 
"Fig. 23 at 2,000." 

Page 62, for "Fig. 23 at 2,000" rea<l "Fig. 21 at 526"; for "Fig. 24 at 3,000" read 
"Fig. 22 at 1,000." 

Page 125, between the lines "Sept. 30, 1908," ana *S\ov. 7, 1901," insert the cap- 
tion "Fall (October and November) Manned Balloons." 

Page 136, line 18, for aR=KTm read aR=KT.m, 

Page 275, Fig. 4 should be turned clockwise through 90°. 

Page 277, Fig. 6 should be turned anticlockwise through 90°. 

Volumes, 1912: 

Page 9H, line 18, for "in C. G. S. unite" read "in horsepowers"; 
line 36, for "the cotal thickness ot the current" read "the total height of . . . " 
Page 129, Une 19, omit the "?". 

Volume 6, 1913: 

Pages 36, 37, for "Trappc" read "Trapp." 

Page 66, make lino 7 from bottom of page read : "and then helioc. long, of the point= 
geoc. long, of the sun, zhZMSP, the upper pign applying" 
Page 100, figure 71 should be invert^'d. 
Page 194, in figure 33, marginal columns should be headed "TciUp. °C." 
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